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Bunert 1: Ny3bIpbKoBaa CopTupoBka (Bubble Sort) 


OnncaHne 


Mpoctenwun anroputM COPTUPOBKU, KOTOPbIN MHOFOKpaTHO MeHAeT MECTaMU 
COCeAHNe J/IEMEHTbI, ECM OHM PacnosO>KeHbI B HENPaBUJIbHOM NopaA~Ke. Mpoxog no 
CnUcky NOBTOpAeTCA AO TeX NOP, NOKa CNUCOK He byseT OTCOPTUPOBaH. 


Cno>KHocTb: O(n’*2), B NyUWeM CnyYae (KOMEKLNA YKE OTCOPTUPOBaHa) O(n), 
a/JITOPUTM He NOAXOAUT ANA GONbLINHCTBa HAGOPOB AaHHbIX, NOCKO/bKy ero BD@MeHHaA 
C/IOXKHOCTb B CDE€4HEM U XYALWIeM C/yUae AOBOJIbHO BbICOKa. 


BcnomoratTebHoe NpoctpaHctTBo: O(7). 


AjononHutenbuHo: https://www.geeksforgeeks.org/bubble-sort/ 
Peanu3auua (C# npumep) 


public static IList<T> BubbleSort<T>(this IList<T> collection) where T : IC O 
if 


for (var i = 0; i < collection.Count; i++) 


{ 
for (var j = i+ 1; j < collection.Count; j++) 
{ 
if (collection[i].CompareTo(collection[j]) > @) // CoptuposBKa ni 
{ 
(collection[j], collection[i]) = (collection[i], collection 
} 
} 
} 


return collection; 


Busnet 2: CoptuposkKa BcTaBKamnu (Insertion Sort) 


OnucaHue 


Mpoctou anroputm COpTupoBKy, KOTOPbIN paboTaeT aHANOFMYHO TOMY, KaK NDOUCXOAUT 
COPTUPOBKa UrpasIbHbIX KapT B pyKax. MaccuB MbIC@HHO pa3zgeyeH Ha 
OTCOPTUPOBaHHYyHO UV HEOTCOPTUPOBaHHytO YaCTU. 3HAYeHUA U3 HECOPTUPOBaHHON 
YaCTU BbIGUpatOTCA U NOMELLAIOTCA B NPABUJIbHYHO NO3ULIVHO B OTCOPTUPOBaHHON 
uacTu. 


STOT aTOPUTM ABNAETCA OAHUM V3 CaMbIX NPOCTbIX B peauzalyWu, IPPeKTUBEH AVIA 
He6O/bLUUX HABOPOCB AAaHHbIX, HOCUT aZONTUMBHbIN XapakTep: NOAXOANT ANIA YACTUUHO 
OTCOPTUPOBaHHbIx Habopos. 


CnO>KHOCTb: 


e SJlyuwmun cayyan: O(n), BOZHUKaeT B CryUae, ECM MaCCUB y>Ke OTCOPTUPOBaH; 


e CpeaHun cayuan: O(n’*2), 3neMeHTbI NepemMewWaHb! B NOPAAKE Tak, YUTO NOPAAOK He 
ABNACTCA JOJDKHbIM O6Pa30B BO3PAaCTAHOLYVM WAM YObIBaHOLUMM; 


e Xyawun cnyyan: O(n*2), BOZHUKaeT B CNyUae, KOFAa MACCVB YKe OTCOPTUPOBaH B 
o6paTHom nopagke; 


BcnomoratenbHoe npoctpaHcTBo: O(7). 


AjononHutenbHo: https://www.geeksforgeeks.org/insertion-sort/ 
Peanu3auua (C# npumep) 


public static IList<T> InsertionSort<T>(this IList<T> collection) where T : (Ol 
1 


for (var i = 1; i < collection.Count; i++) 


t 


var item = collection[i]; 
VEO 9] = ah ale 


while (j >= @ && collection[j].CompareTo(item) > @) // CoptuposKa ni 
it 


collection[j + 1] = collection[j]; 
she 


collection[j + 1] = item; 


return collection; 


Bunet 3: Coptuposka BbI6opom (Selection Sort) 


OnucaHuve 


Anroputm coptupyet MaccuB, MHOrOKpaTHO HaXxOfA MVUHUMaJIbHbIN 3/1eEMeHT (C YUETOM 
BO3PpacTaHNA) U3 HECOPTUPOBaHHON YacTV MV NOMelyaA ero B Hayao. AnropuTM 
nogsAepxusBaet 4Ba nog MaccuBa B 3afaHHOM MaCccuBe: NOs MaCCuB, KOTOPbIN y>Ke 
OTCOPTUPOBAaH, OCTaBLUIUNCA NO MacCUB — HEOTCOPTMPOBaHHbIN. 


No-ymonyaHuto peanu3zauna anroputma He cTabWsibHa*. OAHAKO 3TOTO MO>KHO AOCTUUb 
nNyT@M 3aMeHbI ONepalivu CMeHbI 3/IEMEHTOB MECTaMU Ha ONepallWto TOJIKAHNA 
3/IEMEHTOB Bnepes.. 


Cra6unbHbin anroputTm: 


TOT anrOputM, KOTOPbIN HE MeEHACT NOPAAOK 3/IEMEHTOB C OANHAKOBbIMM KHOYaMN 
OTHOCUITEJIbHO Apyr Apyra. 


Cno>KHocTb: O(n*2) — Bo Bcex ciyu4aAXx, TaK-KaK @CTb ABa B/JIOXKEHHbIX LIVKa: OAVH 
UK AA BbIGOpa 3NeMEHTa MaCCUBa OAH 3a Apyrum O(n), Apyrou unk Ana 
CpaBHeHuaA 3TOrFO 3NeMeHTAa C MHOGbIM Apyrum O(n). 


BcnomoratenbHoe npoctpaHcTBo: O(7). 


Peanu3zauna (C# npumep) 


public static IList<T> SelectionSort<T>(this IList<T> collection) where T : ae 
i 


for (var i = @; i < collection.Count - 1; i++) 


var index = i; 
for (var j = i+ 1; j < collection.Count; j++) 
{ 
if (collection[index].CompareTo(collection[j]) > @) // Coptupos 
if 
index = j; 
} 
} 
(collection[index], collection[i]) = (collection[i], collection[ind 
} 


return collection; 


Busnet 4: “LUenkepHaa” copTtupoBKa (Coptuposka 
nepemewiuBaHvem, AByHanpaBsieHHad COPTMpoOBka, 
Cocktail Sort) 


OnucaHue 


Pa3HOBUAHOCTb NY3bIDbKOBON COPTUPOBKU. ANTOPUTM Ny3bIPbKOBON COPTUPOBKU 
BCerfja O6XOAUT 31EMEHTHI CeEBa VU NepemMeLyaeT CaMbIN GOMbLUION 3NEMEHT B 
NpaBuUsbHOe NOMOYKEHNE Ha NEPBONM UTepaluu, BTOPOU NO BeNMUNHe — Ha BTOPONU u 
Tak ganee. KOKTevbHaA COPTUPOBKa NONEPEMEHHO NPOXOANUT Yepe3 3aAaHHbIN MaccuB 
B O60ux HanpaBseHuax. KoKTeWbHaA COPTUPOBKa He TpebyeT HEHY>KHbIX UTepal|i/, 
uTO AeNaeT Ce IPPEKTUBHON ANA BONbLUUX MACCVBOB. 


Ka>kgaa uTepaliua anroputma pa36uBaeTca Ha Ba 3Tana: 


1. Nepsbiv stan nepe6upaeT MaccuB cneBa HanpaBo, Kak VU NPV Ny3bIPbKOBON 
coptuposke. Bo Bpema LINK/a CpaBHUBaHOTCA COCeAHUe 3IEMEHTHI, UV ECA 
3HaYeHUe CneBa Goble 3HAYeEHUA CNPaBa, 3HAYECHMA MEHALOTCA MeCTaMiM. B KOHL 


NepBou VTepaliuu Havbonbuee UUNCNO 6yfeT HaXOAVTbCA B KOHL MaCCVBa. 


2. BTopou 3Tan NpoxogMT no MaccuBy B O6paTHOM HanpaBseHuu — HauuHaa C 
3NEMeHTa, HENOCpPeACTBeEHHO NpeAwectTByrolujero NOcNeAHeMy OTCOPTUPOBAaHHOMy 
3/IEMEHTY, VU BO3BpallaAcb K Hayasy MaCCcuBa. 34eCb TakK>Ke COABHUBAaLOTCA 
COCeAHNe 3/IEMEHTbI VU NPY HEOOXOAMMOCTU MEHAIOTCA MECTaMU. 


CpaBHeHne Cc ny3bIPbKOBON COPTUPOBKON: BPeMeHHaA C/IO>KHOCTb Takaa Ke, HO 
KokTejibHaa COPTUPOBKa paboTaeT NyUWe, YEM Ny3bIPbKOBaA, OObIUHO MEHE YeM B ABa 
pa3a ObicTpee. 


Cno>KHoctTb: O(n’2), B NyULWeM CnyYae (KOMEKLNA YKE OTCOPTUPOBAaHa) O(n). 


BcnomoratenbHoe npoctpaHcTBo: O(7). 


AjononHutenbHo: https://www.geeksforgeeks.org/cocktail-sort/ 


Peanu3zauua (C# npumep) 


public static IList<T> CocktailSort<T>(this IList<T> collection) where T : O 
{ 
for (var i = @; i < collection.Count; i++) 
{ 
var needSort = false; 
for (var j = i; j < collection.Count - 1 - i; j++) 
{ 
if (collection[j].CompareTo(collection[j + 1]) > @) // Coptupos 
{ 
(collection[j], collection[j + 1]) = (collection[j + 1], co 
needSort = true; 
} 
} 
for (var jy = collectioniGount = 25-9159) > 13 j=-) 
{ 
if (collection[j - 1].CompareTo(collection[j]) > @) // Coptupos 
{ 
(collection[j], collection[j - 1]) = (collection[j - 1], co 
needSort = true; 
} 
} 
if (!needSort) return collection; 
} 


return collection; 


Bunet 5: Coptuposka Wena (Shell Sort) 


OnucaHue 


3TO O606WjE6HHaA Bepcua aroputMa COPTUPOBKU BCTaBKaMU. CHaYasla COPTUpyYIOTCA 
3€MEHTbI, HAXOAALINECA AaneKo Apyr OT Apyra, U NocNegZOBaTebHO YMeHbLUAaeTCA 
UHTepBall MEX*KAY COPTUPYeMbIMU 3/IEMeHTAaMY, TAKUM O6pa30M BbINOJHAeTCA MeHbLUe 
O6OMEHOB. 


VHTepBal MeX*KAY COPTUPYeMbIMUM 3NEMEHTAMM COKPaLllaeTCA B 3ABUCUMOCTYU OT 
UCNONb3YeEMOU NOCNeAZOBaTeMbHOCTU. BOT HECKO/IbKO ONTUMAa/IbHbIX 
nocneAOBaTebHOCTeN: 


e OpuruHanbHaa NocneszoBaTenbHocTb Shell: N/2, N/4, ..., 7; 

e TocnefopatenbHocTb Kuyta: 7, 4, 73, ..., (3%k - 1) 7/2; 

e MocnefgopatenbHocTb Cepxsuka: 7, 8, 23, 77, 281, 1073, 4193, 16577...4/+1+ 3*2j+ 
7; 

e MpupaweHue Xu66apza: 7, 3, 7, 15, 37, 63, 127, 255m 577, ...; 

e MocnegoBatenbHocTb ManepHosa u Cracesuua: 7, 3, 5, 9, 17, 33, 65, ...; 

e MocnegoBatenbHoctTb Mpartt: 7, 2, 3, 4, 6, 9, 8 12, 18, 27, 16, 24, 36, 54, 87, ...; 


CnO>KHOCTb: 


e SJlyyumun cnyyan: O(n*log(n)), BOZHUKaeT B CAyYae, ECM MACCUB yKe OTCOPTUPOBaH, 
O6uee KONNYECTBO CpaBHeHUN ANA KaKAZOrO UVHTepBasyla PaBHO pa3mMepy MaCccuBa; 


e CpegHun cnyyan: O(n*log(n)), oKono O(n* 7.25); 

e Xygwun cnyyan: O(n*2), cormacHo Teopeme IMyHeHa — C/IO>%KHOCTb PaBHa YTO-TO 
Bpoge: O(n * log(n))*2 / (log(log(n))*2) unu O(n * log(n))*2 / log(log(n)) unu O(n * 
(log(n))*2) 


CNO>KHOCTb 3aBUCUT OT BbIOGPAHHON NOCNeEAOBATeENbHOCTY, AVIA KaxKAON KOHKpeTHON 
oTmuyaetca. JlyuwaaA NOCNeEAOBAaTe/bHOCTb HEM3BECTHA. 


BcnomoratenbHoe npoctpaHcTBo: O(7). 


AjononHutenbHo: https://www.geeksforgeeks.org/shellsort, 
https://www.programiz.com/dsa/shell-sort 


Peanu3zauna (C# npumep) 


public static IList<T> ShellSort<T>(this IList<T> collection) where T : ICol O 
{ 


var step = collection.Count / 2; 


while (step > @) 


{ 
step /= 2; 
for (var i = step; i < collection.Count; i++) 
{ 
Var ji) = 1; 
while (j >= step && collection[j - step].CompareTo(collection[j 
{ 
(collection[j], collection[j - step]) = (collection[j - ste 
j -= step; 
i: 
i} 
} 


return collection; 


Busnet 6: Anroputm 6uHapHoro (4BouuHoro) noncKa 
(Binary Search) 


OnucaHuve 


AnropuTM NoucKa, UCNOb3yYeMbIN B OTCOPTUPOBaHHOM MaccluBe NYT6M MHOroKpaTHOoro 
AeeHUA VHTepBayia NovcKa nonosam. Used COCTOUT B TOM, YTOObI UCNOMb30BaTb 
UHPOPMaLINtO O TOM, UTO MaCCUB OTCOPTUPOBaH, UV YM@HbLUIVTb BD@EMeHHY!O C/IO>KHOCTb 
40 O(log(n)). 


Mo>keT 6biTb peau30BaH ABYMA CNOCcObamnu: UTepaL|MOHHbIN MeTOA, PEKYPCUBHbIN 
MeTOA — Nogxog "pa3zAenan uv BracTByu". 


Cno>KHOCTb (peKypCuBHbIN, UTepaTUBHbIN MeTOA): O(log(n)), B Ayuwem cnyyae O(n). 
BcnomoratenbHoe NpoctpaHctTBo (pekypcuBHbIN MeTog): O(log(n)). 


BcnomoratenbHoe NpOcTpaHcTBo (UTepaTUBHbIN MeTOA): O(7). 


Peanu3aunua (C# npumep) 


PekypCcuBHbIn MeTOA, 


private static int BinarySearchRecursive<T>(this IList<T> collection, T key O 


{ 


if (right < left) throw new ArgumentOutOfRangeException("Jlepaa / npaBaa 


var mid = left + (right - left) / 2; // ! BbliNncnATb HyKHO UMeHHO Tak 
var value = collection[mid]; 


if (key.Equals(value)) return mid; 
return value.CompareTo(key) > @ // KonnekyuaA oTCopTupoBaHa no Bo3pacTaH 


>? collection.BinarySearchRecursive(key, left, mid - 1) 
: collection.BinarySearchRecursive(key, mid + 1, right); 


UtepatuBHbin mMetog 


private static int BinarySearchIterative<T>(this IList<T> collection, T key 


if 
while (left <= right) 


{ 
var mid = left + (right - left) / 2; // ! BblNucnATb HykKHO UMeHHO Ta 
var value = collection[mid]; 
if (key.Equals(value)) return mid; 
if (value.CompareTo(key) > 8) // Konnekuua oTcopTupoBaHa no Bo3pacT 
{ 
right = mid - 1; 
} 
else 
{ 
left = mid + 1; 
} 
} 


throw new ArgumentOutOfRangeException("JIepaA / npaBaA rpaHuua yKa3aHa HI 


Busnet 7: Bbictpaa coptuposka (Quick Sort) 


OnucaHue 


AnropuTo 6bICTpON COPTMpOBKU NpeACcTaBsAeT COHON aNrOpUTM «pa3zenAn u 
BNacTByN». [lepBOHaYa/IbHO OH BbIGUpAaeT 3/IEMEHT B KAUECTBE ONOPHOTO 3/1eMeHTA VU 
pa36uBaeT JaHHbIN MaccuB BOKpyr BbIOpaHHOro ONOPHOrO a/eMeHTa. CyLuecTByeT 
MHOrO pa3HbIx Bepcun QuickSort, KoTOpbIe NO-pa3HoOMy BbIGupatoT TOUKY ONoppi: 1. 
Bcerga BbIGUpauTe NepBbIN 3NEMEHT B KaYeCTBe ONOPHOTO, 2. BCerga BbIGUpauTe 


NOCNEAZHUU 3EMEHT B KaYeCTBe ONOPHOTO, 3. BbIGepuTe CNYYANHbIN 3/IEMEHT B 
Ka4eCcTBe TOUKUM ONOppbI, 4. BbIbepuTe MeANaHy B KaYeCTBE TOUKY ONOPbI. Tak>Ke ECTb 
HECKO/IbKO CXEM pa34eyeHua. 


Cxema pa3qenenna JlomyTo 


NMpeanonaraetca, YTO ONOPHbIN 3NEMEHT ABAeTCA NOCNeAHUM. Tenepb 
UHULIVanu3upyetca ABa CuéTUNKa: (VJ. BbINOHAeTCA UTeEpalA NO MaccuBy, 
yBenuunBaetTca lt, ecnu array[t] <= pivot(array[t] >= pivot), vw 3ameHaeTca array] Ha 
array[j], B NDOTABHOM cilyuae YBENMUUBaeTCA TOMBKO CueTUNK J. Mlocne BbIXOga U3 
LWKsla, MEHAHOTCA MecTamu array/i] u array[pivotIndex]. 


Cxema pa3qeneHnna Xoapa 


(B eNom 6onee 3OMEKTMBEH - B COEAHEM AeNaeT B TPV pa3a MeHbLUe CBONMOB): 
Pa6oTaeT no NpYHuUMNy UHULManuzaLinu ABYyX yKa3zaTeNeu, KOTOPbIe yKa3bIBaloT Ha 
MaCcCUB C HaYasla VW KOHLIa. OHV ABUTraloTCcA Apyr K Apyry Ao Tex nop, noKa He 6yseT 
HavfeHa cutyauva, Korfa MeHbWUe(6ObWUe) 3HAUEHME CnpaBa, a 6onbuUe(MeHbUIe) 
3HAYUeHNe CNeEBa, OTHOCUTEbHO ONOPHOrO aeMeHTa. Mlocne 3TOFO ABa 3HAYeHUA 
M@HAHOTCA MECTaMI. 


3ameuanne: Ec B KaYveCTBe ONOPHOrO 3/IeEMeHTa BbIOUPaTb NOCNEAHUM, TO CxeMa 
pa3geneHua Xoapa MO>XeT NPUBe3TV K TOMY, YTO QuickSort yugéT B 6ECKOHeEUHYytO 
pekypcuto, B STOM C/lyUae HYXKHO 6yeT NPOUZBECTU 3aMeHy S/IeEMEHTA. 


CnO>KHOCTb: 


e SJlyuwmun cayyan: O(n * log(n)), BO3HUKaeT B Cnyyae, KOr4a ONOPHbIN 3/1eEMeHT 
ABNACTCA COEAHUM 3/1EMeHTOM WIV PAAOM CO CpegHum; 


e XyaAwun cnyyan: O(n2), BO3HUKaeT B CAyUae, Kora BbIOPaHHbIN ONOPHbIN 3/EMeHT 
ABJACTCA CAMbIM 6O/IbLUUM UI CaMbIM MaJIeHbKUIM; 


e CpegHun cayyan: O(n * log(n)), npoucxoguT B cnyyae, Kora BbILUeyKa3aHHble 
YCAOBUA He BO3HUKalOoT; 


AjononHutenbuHo: https://www.geeksforgeeks.org/quick-sort/, 
https://www.geeksforgeeks.org/hoares-vs-lomuto-partition-scheme-quicksort/, 


Peanu3aunua (C# npumep) 


Metog pa3qeenua JlomyTto 


private static IList<T> QuickSortLomuto<T>(this IList<T> collection, int le (0 
{ 


if (left >= right) return collection; 

var pivot = collection.PartitionLomuto(left, right); 
QuickSortLomuto(collection, left, pivot - 1); 
QuickSortLomuto(collection, pivot + 1, right); 


return collection; 


private static int PartitionLomuto<T>(this IList<T> collection, int left, i 


{ 


var pivot = left - 1; // B kaYecTBe onopHoro SnemMeHTa BbIGbUpaeTCA Campin . 
for (var i = left; i < right; i++) 


if (collection[right].CompareTo(collection[i]) > @) // CoptuposBKa ni 
{ 
pivot++; 
(collection[pivot], collection[i]) = (collection[i], collection 
} 
} 
pivot++; 


(collection[pivot], collection[right]) = (collection[right], collection 


return pivot; 


Metog pa3qeeHnua Xoapa 


private static IList<T> QuickSortHoare<T>(this IList<T> collection, int lef 


{ 


if (left < right) 


{ 
var pivot = collection.PartitionHoare(left, right); 
collection.QuickSortHoare(left, pivot) ; 
collection.QuickSortHoare(pivot + 1, right); 

} 


return collection; 


private static int PartitionHoare<T>(this IList<T> collection, int left, in 


{ 


var pivot = collection[left]; // B kayecTBe onopHoro 3snemeHTa BbIOUpaeTc: 


< 
jet) 
Ss 
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left - 1; 
right + 1; 


<— 
w 
5 
Cy 
Il 


while (true) 


do 


i++; 
} while (pivot.CompareTo(collection[i]) > @); // CoptuposBKka no Bo3p 


do 
{ 
alae 
} while (collection[j].CompareTo(pivot) > @); // CoptTuposBKka no Bo3p 


ihe (Gk Se 4) 
{ 

return j; 
} 


(collection[i], collection[j]) = (collection[j], collection[i]); 


Bunet 8: BHeLUHAA COPTMpPOBKa cAMAHMeM (External 
merge sort) 


OnucaHuve 


BHeWHAA COPTUPOBKa — 3TO COPTUPOBKa AaHHbIxX, KOTOPble PacnO/IOXKeHb!l Ha BHELUHUX 
yCTPOUCcTBax VU HE BMeLUArOLUUXCA B ONe€PaTUBHYtO NaMATb. 


OcHOBHbIM NOHATMEM NPV UCNONb3OBaHUN BHELUHEU COPTVPOBKU ABAETCA NOHATUE 
cepuu. Cepna (ynOpAAOYeHHbIN OTPE3OK) — STO NOCMEAOBATEMbHOCTb 3/IEMEHTOB, 
KOoTOpaa ynopagouena no KnrHouy. MakcumMasibHOoe KONNYECTBO Cepun B dane N (Bce 
3@MEHTbI HE yNOpAgoueHb!). MAHUMasIbHOe KOMMYECTBO Cepu OfHa (BCE 3/1eMeHTHbI 
ynopagoueubl). 


B OCHOBe OObLUVHCTBa MeETOAOB BHELUHUX COPTUPOBOK NE *KUT NPOLeAypa CAMAHUA U 
npouesypa pacnpegeneHua. Cauanue — 3TO nNpouecc O6beANHEHUA AByx (uN Bosee) 
YNOPAZOYEHHbIX Cpu B OAHY YNOPAAOUeEHHYHO NOCNEAOBATEbHOCTb NPM NOMOLUM 
LIUKAMYeCKOrO BbIGOPa 3/eMEHTOB, AOCTYNHbIX B AAHHbIN MOMeHT. PacnpefeneHne — 
3TO NPOLECCc pa3AeNeHUA YNOPAAOYEHHbIX CEPUN Ha ABa VU HECKO/IbKO 
BCNOMOraTesIbHbIX Mawia. 


@a3a — 3TO ACUCTBUA NO OAHOKPaTHON ObpaborTkKe BCceN NOCcNeAOBAaTeNbHOCTU 
3NeMeHTOB. A.Byxda3Haa COPTMPOBKa — 3TO COPTUPOBKa, B KOTOPON OTAeNbHO 
peau3yetca ABe da3bi: pacnpegeneHue uu cauvaHue. OAHOaZHAA COPTUPOBKa — 3TO 
COpTUpoBkKa, B KOTOPON ObbeANHEHb!I da3bl pacnpeseNeHNA VU CAMAHMA B OAHY. 


AByxnyTeBbIM CANAHVNeM Ha3zbIBaeTCA COPTUPOBKa, B KOTOPOU AaHHble 
pacnpefenatotca Ha ABa BCNOMOraTe/bHbIX ava. MHOronyTeBbIM CAMVAHVeM 
Ha3bIBaeTCA COPTUPOBKa, B KOTOPOU AaHHble pacnpegenatotca Ha N (N > 2) 
BCNOMOraTesIbHbIX Manos. 


Coptuposka npoctbim cimAHvem (npamoe cauaHne, Direct merge sort) 


B 4aHHOM anroputTMe AsWHa cepun OuKkcupyetca Ha Ka>KGZOM Ware. B ucxOoAHOM dane 
BCe CepUV UMelOT ANIMHY 7, NOcNe NepBoro Wara OHa paBHa 2, Nocne BTOporo — 4, 
nocne Tpetbero — 8, nocne k-2o wara — 2k. 


Ajzopumm: 


1. VicxogHbin dann f pas6uBaetca Ha ABa BCNOMOraTesbHbIx dala f7 vu f2. 


2. BcnomoratesbHble dawnbi f7 uv f2 cauBatoTca B dain f, NPV 3TOM OAMHOUHbIE 
3/IEMEHTbI OOpa3zylOT YNOPAAOUeHHbIe Napbl. 


3. NonyyeHHbin dann f BHOBb O6pabarTbiBaeTca, KaK YKa3aHO B Warax 1 v 2. Mpu 3Tom 
yNOpaAgOueHHble Napbl NepexOAAT B YNOPAAOUEHHbIe YETBEPKU. 


4. Noptopaa waru, CiVBaeM YETBEPKU B BOCbMePKY VU T.., KAKAbIN paz yABauBaa 
AJIMHY CAUTbIX NOCNeEAOBAaTebHOCTeN AO Tex Nop, NoKa He bysleT ynopaAOYeH 
LIEMKOM BeCb ban. 


Nocne BbINOHeHUMA ( NPOXOgAoB NoNyyaem ABa davNa, COCTOALUX U3 CePUN ANMHbI 2%. 
OkOHUaHUe NpoLecca NPOUCXOANT NpV BbINOMHeHUN ycnoBuA 241 >= /. 
CnegoBaTesbHO, NPOLIECC COPTUPOBKM NPOCTbIM CAMAHMeM TpebyeT nopasKa O(log(n)) 
NpOxoA0B NO AaHHbIM. 


3ameuanne: [pu ucnonb30BaHUN MeTOAa NPAMOTO CAMAHMA HE NPUHUMAaeTCA BO 
BHUMaHle TO, YTO UCXOAHbIN Mav MOXET ObITb UACTUUHO OTCOPTUPOBaHHbIM, T.€. 
MO>KET COAEP>KaTb YNOPAAZOUEHHbIE NOANOCHEAOBATEbHOCTH 3anucen. 


' Pacnpedenenue | CUAHUe 
a oo £57 22 48-5 82 ~ 
1 npoxoy | 
sonsenueniers EE ER omewocneemcnnial menorewemeniuin: emanmenen ub 
‘41:57 48 'f 2357 148 
2 mpoxoy : 
eae LAA A 
‘fic 2509 ie L2S4 78 
3 npoxoy | 
'f2: 148 


UcxogHbin vu BCnOMOraTenbHbIe Manb! GyAyT O(log(n)) paz NpouuTaHbI VU CTOMbKO KE 


pa3 3anucaHbl. 


Cno>kHoctTp: O(n * log(n)). 


Coptuposka ecTecTBeHHbIM cuiMAHvem (Natural merge sort) 


B CpaBHEeHWN C METOAOM NpAMOTO CAMAHUA, COPTUPOBKa o6nafaet HEKOTOPbIM 
NPeUMYLUECTBOM: YUUTbIBAeTCA TOT dakt, 4TO MOTYT COAEP2KATbCA YNOPAAOYUCHHbIE 
NOANOCNEAOBATE/IBHOCTM. TO €CTb, OuHHa cepuu He OFpaHUnUNWBae}TCaA, a ONPeAeCNACTCA 
KOJIMYECTBOM 3/IEMEHTOB B Y>XKE YNOPAAZOYEHHbIX NOANOCAECAOBATeC/IBHOCTAX, 
BbIZe/ACMBbIX Ha KAKAOM NpOxode. 


Ajzopumm: 


1. VicxogHbin dain f pas6uBaetca Ha ABa BCNOMOraTebHbIX hana f7 vu f2. 
PacnpefeneHue npoucxogut cneAyroluM O6pa30m: NOOYepeAHO CUMTbIBaHOTCA 
3anUCu al UCXOAHOU NOCNeAOBaTebHOCTU (HEYNOPAAOYEHHON) TakKUM O6pa30m, 
UTO ECM 3HAYeEHUA KIOUeN COCeAHUX 3aNUcen YAOBeETBOPALOT ycNoBUlO f(ai) <= 
f(ai+ 1), TO OHV 3anuUcbIBalOTCA B NepBbIN BCNOMOraTeNbHbIN dain f7. Kak TObKO 
Bctpeuatotca f(ai) > f(ai+1), To 3anucu ai+7 KonupytoTca BO BTOpoN 
BCNOMOraTesbHbIN dain f2. Npouegypa NoBTopazetca AO Tex Nop, noka Bce 3anucu 
UCXOAHON NOCNEAOBAaTEMbHOCTU He OyAyT pacnpegeneHbi No davnam. 

2. BcnomoratenbHble dawbi f7 uv f2 cauBatotca B dain f, np 3TOM Cepun COpa3ytoT 
yNOpAgOueHHble NOCNeAZOBAaTebHOCTU. 


3. NonyueHHbin dann f BHOBb O6pabatTbiBaeTca, KaK YKa3aHO B Warax 7 uv 2. 


4. Noptopaa waru, ciuBaemM yNOpAAOUeHHbIe Cepuu AO Tex Nop, NoKa He 6yseT 
yNOpAAOYeH LIEUKOM BeCcb dans. 


EcTeCTBeHHOe CAMAHMe, Y KOTOpOrO Noce dha3bl pacnpegeNeHuA KONMMYECTBO CepU BO 
BCNOMOraTes/bHbIxX Pavax OTMMUAeTCA Apyr OT Apyra He bonee 4eM Ha eAUHULy, 
Ha3bIBaeTCA COG/IGHCUPOBAHHbIM C/AUAHUeM, B NPOTUBHOM cilyuae — 
Hec6a/IaHCcupoeaHHoe CAUAHUe. 


a: 15 24 32° 18 45 ° 40 51 * 21 29 31 43 ° 42 60 
b: 15 24 32 * 4051 ° 42 60 

c: 18 45° 21 29 31 43 

b: 15 24 32 40 51 * 42 60 


c: 18 45° 21 29 31 43. 
a: 15 18 24 32 40 45 51 * 21 29 31 42 43 60. 


b: 15 18 24 32 40 45 51 
c: 21 29 31 42 43 60. 
a: 15 18 21 24 29 31 32 40 42 43 45 51 60. 


Takum 06pa30M, YNC/O UTeEHUNM WM Nepezanucen Manos NpV UcnoNb30BaHUN MeTOAAa 
€CTECTBEHHOrO CAMAHUA OyseT HE xy>Ke, UEM NPY NPUMeHeHUN MeTOAa NpocToro 
CAMAHMA, a B CDegHeM — Aare nyuwe. HO B 3TOM MeTOse yBeENMUNBaeTCA UNICO 
CPpaBHeHuUU 3a CueT TeX, KOTOPbIe TpebyloTCA AVIA PaCNO3HABaHMA KOHLIOB Cepui. 
NMomumo 3toro, MaKCUMaJIbHbIN pasMep BCNOMOTrAaTe/bHbIX PaUNOB MOXET ObITb 630K 
K pa3Mepy UCXOgHoro dana, Tak KaK AVIVHa CepuN MO>KeT ObITb NDOUZBO/bHON. 


Coptuposka MHoronyTeBbIM cAMAHVem (Multi-Way merge sort) 


AjaHHbIN MeETOA COPTUPOBKN ABAeTCA MOANOUKaL|NeN MeTOAAa ECTECTBEHHOFO C/IMAHUA. 
BpemMeHHble 3aTpatbl Ha HO6yto COPTUPOBKy NOCNeAOBaTebHOCTeEN NPONOPLVOHAasIbHbI 
uNcay TDebyeMbIX NPOXOAOB, TaK KaK NPV KaxKAOM Npoxoge KONUpytoTca BCce AaHHble. 
YTO6bI YMeHbLUUTb UNCNO 3TUX NPOXOAOB, Cepuu pacnpesenaroT Ha 
NOCAeAOBATEMbHOCTU, UNCNO KOTOPbIX bosbWe 2-X. 


Crauauue P cepuu, nopoBHy pacnpegeneHb! B M nocnegoBaTenbHOcTen, AaeT B 
pe3ynbTate P/M cepun. Bropou npoxog yMeHbLINTb 3TO UNCNO Bo P/ M2, Tpetun - 
Ho P/M*3 ut.g. Nostomy o6uve uvcno NpoxogoB MHOronyTeBoro cAMAHUA OyAeT 
paBHo Log m (Kk), fae K - UnCNO 3NeMeHTOB B NOCMEAOBATENbHOCTH. VTak, B TOM 
MeTOge, NO CpaBHeHUI0 C METOAOM @CTECTBEHHO CAMAHUA, AOOaBnAtoTca M nyten 
pacnpefeneHua uu CAMAHMA NOCNeAOBaTebHOCTeN. 


PaccMOTpUM B KaueCTBe NpuMepa COPTUpOBKy TpexnyTeBbIM CAMAHVeM CreAyrolen 
NOCeAOBaTebHOCTU: 


Ff: 57 24 88 13 19 17 96 37 42 15 21 35 23 10 53 49 33 58 16 72. 
fi 57° 1796‘ 23 * 16 72 

fr. 24 88 « 37 42 * 10 53 « 49 

fx. 13 19 * 15 21 35 * 33 58 

fi. 17 96 < 23 * 16 72 fa, 13 19 24 57 88 

fr. 37 42 * 10 53 « 49 fi: 

fx. 15.21 35‘ 33 58 fe: 

fi:23°1672 fi 13 19 2457 88 


ed eS eas a = 


fo: 1053549 = fs: 15 17 21 35 37 42 96. 
fa: 33: 58 Te: 
fi: 1672 fa: 13 192457 88 


f:49 sf 15.1721 35.37 42.96. 
hi fe. 10 23 33 53 58 


ii fr. 13 19 24 57 88 * 16.49 72 
hr fe. 15.17 21 35 37 42 96. 
fi fe. 10 23 33 53 58 


J: 13 19 24 57 88 * 16 49 72 Fa 
Js: 15 17 21 35 37 42 96 ee 


fe. 10 23 33 53 58 hi 

Ja: 1649 72 fi: 10 13 15 17 19 21 23 24 33 35 37 42 53 57 58 88 96 
fs: fr 

fs: fr 

fa: fi: 10 13 15 17 19 21 23 24 33 35 37 42 53 57 58 88 96 
fs: fa: 1649 72 

ts: fa: 

Ki: fa: 10 13 15 16 17 19 21 23 24 33 35 37 42 49 53 57 58 72 88 96 


ht: fs: 
I fe: 


PaccMOTpeHHbIN NpVMep NOKa3bIBaeT, YTO aNTOPUTM MHOronyTeBoro (ecTeCTBeHHOrO) 
CAUAHUA PaboTaeT 3OMeKTUBHEE, YEM PACCMOTPEHHbIe PaHee ANTOPVTMbI NPAMOrO U 
@€CTECTBEHHOFO CAMAHUA. Tak, NPV TpexnyTeBOM CAMAHUN AIA COPTUPOBKU yKa3aHHOU 
NOCNeAZOBaTeMbHOCTU NOTPEOOBAaNOCb TOMbKO TOV Npoxosa, B TO BPeMA Kak AVIA 
@€CTECTBEHHOLO UV NPAMOrO CAMAHUA NOTPe6OBaNOCb Sb! YeTbIPe VU NATb NPOXOAOB 


COOTBETCTBEHHO. 


AjononHutenbHo: https://intuit.ru/studies/courses/648/504/lecture/11473, 
https://studref.com/701956/informatika/estestvennoe_sliyanie, 
https://studfile.net/preview/930712/page:7, 
https://studref.com/701957/informatika/mnogoputevaya_sortirovka, 
https://www.geeksforgeeks.org/external-sorting, https://josef.codes/sorting-really- 
large-files-with-c-sharp 


Peanu3auua (C# npumep) 


Coptuposka NpaAMbIM cAMVAHNeM 


public class DirectMergeSorter 
if 
public string InputFilePath { get; set; } 
public string OutputFilePath { get; set; } = "sorted.csv"; 
public int SortKey { get; set; } 
private long _seriesLength; 
private long _countSegments; 
private const string AuxiliaryFilePathA = "A.csv"; 
private const string AuxiliaryFilePathB = "B.csv"; 
private readonly Func<double, double, bool> _ascending = (x, y) => x < | 
private readonly Func<double, double, bool> _descending = (x, y) => x < 
public DirectMergeSorter(string filePath = "unsorted.csv", int sortKey 


{ 
InputFilePath = filePath; 


SortKey = sortKey; 
_seriesLength = 1; 


public void Sort() => Sort(_ascending); 
public void SortDescending() => Sort(_descending) ; 


private void Sort(Func<double, double, bool> order) 
‘ 

var index = 1; 

while (true) 


il 
SplitToFiles(); 


if (_countSegments == 1) break; 


Merge(order) ; 


} 
} 
private static int GetCountLinesFile(string filePath) 
{ 
using var sr = new StreamReader(filePath) ; 
var count = @; 
while ((sr.ReadLine()) != null) 
{ 
count++ ; 
} 
return count; 
} 


private void SplitToFiles() 
{ 


_countSegments = 1; 


using var sr = _seriesLength == 1 ? new StreamReader(InputFilePath) 


using var swA = new StreamWriter (AuxiliaryFilePathA) ; 
using var swB = new StreamWriter(AuxiliaryFilePathB) ; 


var counter = @L; 
var isFirstFile = true; 


var length = GetCountLinesFile(_seriesLength == 1 ? InputFilePath 
var position = @L; 


while (position != length) 
{ 


if (counter == _seriesLength) 

1 
isFirstFile = !isFirstFile; 
counter = @; 
_countSegments++3 


var str = sr.ReadLine(); 
position++; 


if (isFirstFile) 
it 


swA.WriteLine(str) ; 


} 


else 


swB.WriteLine(str); 


counter++; 


private void Merge(Func<double, double, bool> comparer) 


{ 


using var srA = new StreamReader (AuxiliaryFilePathA) ; 


using var srB = new StreamReader (AuxiliaryFilePathB) ; 


using var sw 


new StreamWriter(OutputFilePath) ; 


var counterA = _seriesLength; 

var counterB = _seriesLength; 

Welle Sii\ ee 
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var isPickedA = false; 

var isPickedB = false; 

var isEndA = false; 

var isEndB = false; 

var lengthA = GetCountLinesFile(AuxiliaryFilePathA) ; 
var lengthB = GetCountLinesFile(AuxiliaryFilePathB) ; 
var positionA = @L; 

var positionB = @L; 

while (!isEndA || !isEndB) 

{ 


if (counterA == @ && counterB == @) 


t 
counterA = _seriesLength; 
counterB = _seriesLength; 
} 
if (positionA != lengthA) 
{ 
if (counterA > @ && !isPickedA) 
{ 
strA = srA.ReadLine(); 
positionA++; 
isPickedA = true; 
} 
} 
else 


isEndA = true; 


} 
if (positionB != lengthB) 
it 
if (counterB > @ && !isPickedB) 
{ 
strB = srB.ReadLine(); 
positionB++; 
isPickedB = true; 
} 
} 
else 
il 
isEndB = true; 
} 
if (isPickedA) 
{ 
if (isPickedB) 
{ 
if (comparer(double.Parse(strA.Split(";")[SortKey], Cul: 
{ 
sw.WriteLine(strA); 
counterA- - ; 
isPickedA = false; 
} 
else 
{ 
sw.WriteLine(strB) ; 
counterB-- ; 
isPickedB = false; 
} 
} 
else 
{ 
sw.WriteLine(strA) ; 
counterA-- ; 
isPickedA = false; 
} 
} 
else if (isPickedB) 
1 
sw.WriteLine(strB) ; 
counterB--; 
isPickedB = false; 
} 


_seriesLength *= 2; 


CoptuposBka ecTecTBeHHbIM CAMAHVeM 


public class NaturalMergeSorter 


{ 


public string InputFilePath { get; set; } 


public string OutputFilePath { get; set; } = "sorted.csv"; 


public int SortKey { get; set; } 


private bool _isPassageFirst = true; 


private long _countSegments; 


private const string AuxiliaryFilePathA = "A.csv"; 


private const string AuxiliaryFilePathB 


SBaGSVes 


private readonly Func<double, double, bool> _ascending = (x, y) => x <'! 


private readonly Func<double, double, bool> _descending = (x, y) => x < 
public NaturalMergeSorter(string filePath = "unsorted.csv", int sortKey 


{ 
InputFilePath = filePath; 


SortKey = sortKey; 


public void Sort() => Sort(_ascending); 


public void SortDescending() => Sort(_descending) ; 


private void Sort(Func<double, double, bool> order) 


i 
var index = 1; 
while (true) 
{ 
SplitToFiles(order) ; 
if (_countSegments == 1) break; 
Merge(order) ; 
} 
} 


private static int GetCountLinesFile(string filePath) 
{ 


using var sr = new StreamReader(filePath) ; 
var count = @; 
while (sr.ReadLine() != null) 


{ 


count++ ; 


return count; 


private void SplitToFiles(Func<double, double, bool> comparer) 


‘ 


_countSegments = 1; 


using var sr = _isPassageFirst ? new StreamReader(InputFilePath) : 


using var swA = new StreamWriter (AuxiliaryFilePathA) ; 
using var swB = new StreamWriter (AuxiliaryFilePathB) ; 


var isStart = false; 
var isFirstFile = true; 


var length = GetCountLinesFile(_isPassageFirst ? InputFilePath : Ou 
_isPassageFirst = false; 
var position = @L; 


var str = 5 


var nextStr = 


if (length == 1) 


{ 
swA.WriteLine(sr.ReadLine()); 
return; 
} 
while (position != length) 
{ 
if (!isStart) 
ih 
str = sr.ReadLine(); 
position++; 
swA.WriteLine(str) ; 
isStart = true; 

} 


nextStr = sr.ReadLine(); 


position++; 


if (comparer (double. Parse(nextStr.Split(";")[SortKey], Culturel 


isFirstFile = !isFirstFile; 
_countSegments++; 
} 
if (isFirstFile) 
{ 
swA.WriteLine(nextStr) ; 
} 
else 
af 
swB.WriteLine(nextStr) ; 
} 


str = nextStr; 


private void Merge(Func<double, double, bool> comparer) 


{ 


using var srA = new StreamReader (AuxiliaryFilePathA) ; 


using var srB = new StreamReader (AuxiliaryFilePathB) ; 


using var sw = new StreamWriter(OutputFilePath) ; 


Welle Sui \ a see 
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var isPickedA = false; 

var isPickedB = false; 

var isEndA = false; 

var isEndB = false; 

var lengthA = GetCountLinesFile(AuxiliaryFilePathA) ; 
var lengthB = GetCountLinesFile(AuxiliaryFilePathB) ; 
var positionA = @L; 

var positionB = @L; 

while (!isEndA || !isEndB || isPickedA || isPickedB) 
{ 


isEndA = positionA == lengthA; 
isEndB = positionB == lengthB; 


if (!isEndA && !isPickedA) 


i 
strA = srA.ReadLine(); 


positionA++; 
isPickedA = true; 


if (!isEndB && !isPickedB) 


{ 
strB = srB.ReadLine(); 
positionB++; 
isPickedB = true; 
5 
if (isPickedA) 
x 
if (isPickedB) 
x 
if (comparer(double.Parse(strA.Split(";")[SortKey], Cul: 
double.Parse(strB.Split(";")[SortKey], CultureI 
{ 
sw.WriteLine(strA); 
isPickedA = false; 
3 
else 
{ 
sw.WriteLine(strB); 
isPickedB = false; 
} 
a 
else 
‘ 
sw.WriteLine(strA); 
isPickedA = false; 
} 
} else if (isPickedB) 
{ 
sw.WriteLine(strB); 
isPickedB = false; 
} 


Coptuposka MHoronyTeBbIM (NpAMbIM) CAMAHVeM 


public class MultiWayMergeSorter 


{ 


private class HeadIndexPair 


{ 
public string? Head { get; } 
public int Index { get; } 


public HeadIndexPair(string? head, int index) 


Head = head; 
Index = index; 


public string InputFilePath { get; set; } 


public string OutputFilePath { get; set; } = "sorted.csv"; 


public int SortKey { get; set; } 


public int CountChunkRows { get; set; } 


public string ColumnSeparator { get; set; } 


private const string TmpFilePrefix = "tmpFile"; 
private int _numChunk; 


public MultiWayMergeSorter(string inputFilePath = "unsorted.csv", int c 
{ 

InputFilePath = inputFilePath; 

CountChunkRows = countChunkRows; 

SortKey = sortKey; 

ColumnSeparator = columnSeparator; 


public void Sort() 

{ 
using var sr = new StreamReader(InputFilePath) ; 
var cnt = @; 


var chunk = new string[CountChunkRows ] ; 


string? line; 
while ((line = sr.ReadLine()) != null) 
{ 
chunk[cnt] = line; 
cnt++; 
if (cnt % CountChunkRows == @) 
if 
SortAndSaveChunk( chunk, TmpFilePrefix + _numChunk); 
cnt = 0; 
_numChunk++ ; 


if (ent !="0) 


{ 
SortAndSaveChunk(chunk, TmpFilePrefix + _numChunk) ; 
_numChunk++3 


var readers = new StreamReader[_numChunk ] ; 
var heads = new PriorityQueue<HeadIndexPair, HeadIndexPair>(Compare 


for (var i = @; i < _numChunk; i++) 


{ 
var strRead = new StreamReader(TmpFilePrefix + i); 
readers[i] = strRead; 


using (var streamOut = new StreamWriter(OutputFilePath) ) 


{ 


for (var i = @; i < _numChunk; i++) 


{ 
heads. Enqueue(new HeadIndexPair(readers[i].ReadLine(), i), 
} 
while (true) 
1 
var minH = heads.Count > @ ? heads.Dequeue() : null; 
if (null == minH) break; 
streamOut .WriteLine(minH. Head) ; 
if ((line = readers[minH.Index].ReadLine()) != null) 
heads.Enqueue(new HeadIndexPair(line, minH.Index), new 
} 
for (var i = @; i < _numChunk; i++) 
i 
readers[i].Close(); 
} 


sr.Close(); 


private void SortAndSaveChunk(string?[] chunk, string filename) 


{ 


Array.Sort(chunk, Compare) ; 
using var sw = new StreamWriter(filename) ; 
foreach (var t in chunk) 


{ 
if (t != null) sw.WriteLine(t); 


sw.Close(); 


private string ExtractCol(string line) 


i 
var columns = line.Split(ColumnSeparator) ; 
return columns[SortKey ]; 
} 
private int Compare(string? a, string? b) 
{ 
if (a == null && b == null) return @; 
if (a == null) return 1; 
if ab == snus) return —d: 
return string.Compare(ExtractCol(a), ExtractCol(b), StringCompariso 
} 


bunet 9: COpTUpOBKa C NOMOLbHO ABOUUHOrO AepeBa 
(Tree Sort) 


OnucaHue 


ANTOPUTM COPTUPOBKU, OCHOBaHHbIN Ha CTpyKType AaHHbIX ABOUYHOe AepeBo NOUcka. 
CHayasia OH CO34aeéT ABONYHOR AepeBo NOU cKa M3 3/IEMEHTOB BXOAHOrO CNUCKa WI 
MaccuBa, a 3aTeM BbINOMHAeT O6XO4 CO3ZaHHOrO ABOUUHO!O AepeBa NoUcKa NO 
nopagky, YTOObI NONYYUUTb 3/1EMEHTbI B OTCOPTUPOBaHHOM NopaAdke. 


Ajzopumm: 


1. Bo3bMuTe 3/1EMEHTHI, BBeAeCHHbIe B MaCCUB. 


2. Co3gaviTe ABOUUHOe AepeBoO NOUCKa, BCTABUB 3/1@MEHTbI AAHHbIX U3 MaCCVBa B 
ABOUYHOe AepeBo noucka. 


3. BbinonHuTe O6xoA AepeBa No nopagky, YTOObI NONyUUTb 3/EMEHTHI B 
OTCOPTUPOBaHHOM NopaAgke. 


CnO>KHOCTb: 


e CpegHun cayyan: O(n * log(n)), Ao6aBneHue OAHOrO 3eMeHTAa B AepeBo 
ABOVUYHOrO NOUCKa B CpeAHeM 3aHumaeT O(log(n)) BoemeHuU. CnesAoBaTeNbHO, 
4o6baBneHue n 31eMeHTOB 3aumeT O(n * log(n)) BpemMeHy; 

e Xyawun cnyyan: O(n*2), MO>xeT BbITb yNYULUeHAa C NOMOLAbIO 
camo6aylaHcupyrouyeroca ABOUUHOFO AepeBa NOUcKa; 


BcnomoratTenbHoe NpoctpaHcTBo: O(n). 


AjBouuHoe Aepeso noucka 


Ctpyktypa JaHHbIxX ABOMYHOrO AepeBa Ha OCHOBEe y3/10B, KOTOpan ObNagaerT 
CNeAYOLLWMU CBOUCTBaMy: 


e /legoe noddepeso y3/1a CodepkKUM MO/IbKO Y3/IbI C KNHKOYGMU MeHbuuUe, 4eM K/IIOYU 
y3/a. 


e /[lpagoe noddepeeo y31a codepkUuM MO/bKO y3/1bI C K/KOYaMU BbosbWwe, 4eM K/IHOY 
y3sa. 


e Kaxdoe u3 1e6020 U NDaBo2o NOddepesbes Make DOJDKHO ObIMb BUHAPHbIM 
Oepeeom noucka. 


NMouck 


Ajzopumm: 


1. HauHute Cc KOpHA. 


2. CpaBHUTe VCKOMBIN 3/IEMEHT C KOPHEM, ECM OH MEHbLUE KOPHA, TO PEKYPCUBHO 
BbIZOBUTe EBOe NOAAEPeBO, UHAYE PEKYPCUBHO BbIZOBUTE NpaBoe NOAAepeBo. 


3. Ec 31@MeHT AVIA NOUCKa HaNfeH Fae yrogHo, BepHute true, VHaye BepHute false. 


BpemenHaa 1O>KHOCTB: O(h), NpoctpaHcTBeHHaad CNO>KHOCTb: O(h), rae h — Bpicota 
6VUHapHoro AepeBa Noucka. 


BctaBka 
Ajzopumm: 


1. HauHute Cc KOpHA. 


2. CpaBHUTe BCTAB/JIACMbIN 3/IEMEHT C KOPHEM, C/I OH MEHbLUE KOPHA, TO 
PEKYPCVBHO BbIZOBUITe NEBOe NOAAEPEBO, UHAYE PEKYPCVBHO BbIZOBUTe NpaBoe 
nogfepeso. 


3. AocturHyB KOHLa, NPOCTO BCTaBbTe 3STOT y3eN CNeBa (ECM OH MeHbLUe TeKYLUerO) 
UM CnpaBa. 


BpemeHuaa o>KHOCcTB: O(h), rae h — Bbicota 6UHapHoro AepeBa noucka, 
BcnomoratenbHoe npoctpaHcTBo: O(7). 


https://intuit.ru/studies/courses/648/504/lecture/11472 


Peanu3zauua (C# npumep) 


public class Node<T> where T : IComparable 


{ 


public T Value { get; set; } 


public Node<T>? Left { get; private set; } 


public Node<T>? Right { get; private set; } 


public Node(T value) 


t 
Value = value; 
} 
public void Insert(T value) 
{ 
if (Value.CompareTo(value) > @) // CoptupoBKa no Bo3pacTaHuw 
{ 
Le (leres== null) 
it 
Left = new Node<T>(value) ; 
} 
else 
1 
Left.Insert(value); 
} 
} 
else 
{ 
if (Right == null) 
{ 
Right = new Node<T>(value) ; 
} 
else 
af 
Right.Insert(value) ; 
} 
} 
} 


public IList<T> ToList(IList<T>? collection = null) 
{ 


var index = Q; 
return ToList(ref index, collection); 


private IList<T> ToList(ref int index, IList<T>? collection 


{ 


collection ??= new List<T>(); 


Left?.ToList(ref index, collection); 


null) 


collection[index++] = Value; 


Right?.ToList(ref index, collection) ; 


return collection; 


public static IList<T> TreeSort<T>(this IList<T> collection) where T : ICom 


af 
if (collection.Count > @) 


it 
var node = new Node<T>(collection[@]); 
for (var i = 1; i < collection.Count; i++) 
{ 
node. Insert(collection[i]); 
} 
node. ToList(collection) ; 
} 


return collection; 


Bunet 10: Nopa3pagHaa coptuposka (Radix Sort) 


OnucaHuve 


ANrOputM, KOTOpbIN COpTUpyeT 37eMeHTbI, CHaYaia rpynnupya OTAeNbHbIe LINpbI 
OAHOrO VU TOrO->Ke pa3pAsa. 3aTeM COPTUpPyeT 3eMEHTHI B NOPAAKe BO3PacTaHuA/ 
y6biBaHua. 


VUgear COPTUPOBKY NO OCHOBAaHUIO COCTOMT B TOM, YTOObI BbINOHATb COPTUPOBKy NO 
LUudpam, HauvHaa C Magen 3Haualen LWdpbi Vv 3aKaHUNBaa CTapwen 3HaYaLen 
LUudponu. Coptuposka NO OCHOBaHMO UCNOsb3yeT COPTUPOBKY MOACUeETOM B KaYeCcTBe 
nognporpammb! £/1A COPTUpPOBKU. 


Ajzopumm: 


1. Hangute cambin 60/NbWOU 3EMEHT B MaCccuBe, T.e. Max. Nyctb X 6yg4eT KoNNYeCTBO 
LUdp B Max. X BbINNCNAeTCA, NOTOMY UTO MbI AOJDKHbI NPOUTU BCe 3HAUUMbIe 
MecTa BCeX 3/IEMEHTOB. 

2. Tenepb npovautecb NO KaxkAOMYy 3HAYUMOMY MECTY O4HO 3a ApPyruM. 
OtTcopTupyute 3eMeHTbI NO UNdpam pa3pasa. 


CnO>KHOCTb: 


e SJlyuwun cayuan: O(n + k); 
e CpegHun cnyyan: O(n + k); 
e Xyawun cayuan: O(n + k); 


BcnomoratenbHoe NpoctpaHcTBo: O(max); 


Coptuposka nogcuéetom 


ANTOPUTM COPTUPOBKY, KOTOPbIN COPTUpyeT 3EMEHTbI MaCcuBa, NOACUUTbIBAA 
KOJIMYECTBO BXOKACHUN KAKAOFO YHUKa/IbHOrO 3/IeEMeHTAa B MaccuBe. CueTUNK XpaHUTCA 
BO BCNOMOraTe/IbHOM MaCCuBe, a COPTUPOBKa BbINOHAeTCA NyTeM OTO6ParKeHUA 
cueTUNKa KaK UHAeKCa BCNOMOraTesIbHOFO MaCcCuBa. 


Ajzopumm: 


1. Hawvgute MaKCUMasbHbIN 3/1eEMEHT (NyCcTb 3TO 6yAeT Max) U3 3afaHHOrO MaCCuBa. 


2. VHULNaNU3ZUPOBaTb MaCCUB AVIUMHbI Max + 7. JTOT MACCMB UCNOsb3yeTCA AVIA 
XPaHeHNA KOMUNYECTBa 3/EMEHTOB B MaCCUBe. 


3. CoxpaHUTe KOUYECTBO Ka>KA0r0 3/1EMEHTAa B COOTBETCTBYHOLIIEM UHAeKce B count 
MaccuBe. 


4. Xpanute KyMy/ATUBHYtO CYMMY 3/IEMEHTOB MaccuBa count. ITO nomoraet 
NOMECTUTb 3/1EMEHTbI B NPABUIbHbIN UHAeKC OTCOPTUPOBAaHHO!O MaCcCcVBa. 


5. Hangute VHAeKC Ka>xKAZOrO 3NEMEHTAa VCXOAHOFO MaCCcuBa B MaccuBe count. ITO 
AaeT KYMyATVBHbIN CueT. 


6. Mocne pa3MeueHua Ka>K4OrO 3/1EMeHTA B NPaBUJIbHOM MECTe YMeHbLUUTe ero 
KOJMYeECTBO Ha CAMHULy. 


CnO>KHOCTb: 


e SJlyuwun cayuan: O(n + k); 
e Cpeanun cnyyan: O(n + k); 
e Xyawun cnyyan: O(n + k); 


Bcnomorate/bHOoe NpoctpaHcTBo: O(max); 


AjononHutenbHo: https://www.geeksforgeeks.org/radix-sort, 
https://www.programiz.com/dsa/radix-sort, https://www.programiz.com/dsa/counting- 
sort 


Peanu3zauua (C# npumep) 


public static IList<int> RadixSort(this IList<int> collection) 0 
it 


var maxValue = collection.Max(); 


for (var exponent = 1; maxValue / exponent > @; exponent *= 10) 


{ 


collection. CountingSort(exponent) ; 


return collection; 


public static IList<int> CountingSort(this IList<int> collection, int expon 


if 
var outputArr = new int[collection.Count]; 
var countArr = new int[10]; 


foreach (var item in collection) // CuutTaem konuyecTBO BxoxKgZeHun KaxKgor 


{ 
countArr[ (item / exponent) % 10]++; 
} 
for (var i = 1; i < 10; i++) // CoxpaHsem dakTuyeckue no3suuuu SnemMeHTOoB 
t 
countArr[i] += countArr[i - 1]; 
} 
for (var i = collection.Count - 1; i >= @; i--) // YcTaHaBnuBaem SanemeH 
{ 
outputArr[countArr[ (collection[i] / exponent) % 10] - 1] = collecti 
countArr[(collection[i] / exponent) % 10]--; 
} 
for (var i = @; i < collection.Count; i++) // Konupyem snemenHtbl B ucxog 
{ 
collection[i] = outputArr[i]; 
} 


return collection; 


Bunet 11: X3uw-Ta6INUbI C paspeLueHNeM KONNZUN 
MeTOAOM LenoueK 


OnucaHue 


B xew-Ta6suue HOBbIN UHAeKC O6pabaTbIBaeTCA C NOMOLJbHO KMIOUeN. D/eMEHT, 
COOTBETCTBYHOLIMM 3TOMY K/IHOUY, COXPaHAeTCA B UHACKC. JTOT NPOWECC, Ha3bIBaeTCA 
Xe€LUMPOBaHuem. XOpowaa XeW-OYHKUMA NpeANONaraeT AOCTATOUHO ObicTpoe 


BbIUUCAEHNE, CBOAUT K MAHUMYMY UNC/O KOJUZUM. 


VUgen uenouek COCTOUT B TOM, UTOObI PeaUZ0BaTb MACCUB, KaK CBA3HbIN CNUCOK, 
Ha3bIBaeMbIN LIENOUKON. ITO OAMH V3 CaMbIX NONYAAPHbIX VU YACTO UCNOMb3YeMbIX 
MeTOA0B O6paborTku KosNU3ZUM. Korfa BOZHUKaeT CUTyYALMA, UTO HECKO/IbKO 3/IEMEHTOB 
X3LUUPYHOTCA B OAVH VU TOT KE VHACKC COTA, 3ATEM 3TV 3/IEMEHTbI BCTABJIALOTCA B 
OAHOCBA3HbIN CNUCOK, U3BECTHbIN KaK LlenouKa. Tenepb Mbl MOKEM UCNOb30BaTb 
Kntou K AA NOUCKa B CBA3HOM CNMCKe, NPOCTO NpocMaTpuBaa ero NUHeNHO. Ecau 
BHYTD@HHUM KOU AIA KAKOU-TO 3anucu coBnaseT c KNtOUOM K, 3To 6yfeT O3HaYaTb, 
UTO MbI Halu Haluy 3anucb. B cnyyae, ECM Mbl AOCTUTAM KOHLa CBA3HOFO CNUCKa, HO 
He Hal Hallly 3anVcb, TO 3TO 6yAeT O3HAaYATb, UTO 3aNNCb He cyLyecTByeT. Beleod: 
@C/JIM B OTAC/bHON LienouKe ABa pa3HbIxX 3/IEMEHTa UMELOT OAMHAKOBOE 3HAYEHUEe XeLLI- 
OyHKUWU, MbI COXpaHAeM O6a 3/EMEHTA B OAHOM VU TOM >KE CBA3HOM CNUCKe OAH 3a 


Apyrum. 


Npon3zBognteAbHOCTb LenoueK: Mpou3BOAUTebHOCTb XCLUMPOBaHUA MO>KHO OLLEHUITb 
B MPe€ANONOXKEHUY, YTO KAKAbIN KHOU C OAVHAKOBOU BeEpOATHOCTbIO by eT X3LUNPOBaH 
B NKO6ONU COT TABULbI (NPOCTO pPaBHOMEePHOe XeLUNPOBaHne). 


© M - KOANUECTBO CNOTOB B XelU-TAbMULe; 

@ Nn - KOMMUYECTBO BCTAB/IEHHbIX 3HAYEHUN B XELU-TAOMULY; 
e Kosdduuynent 3arpy3ku: a = n/m; 

e Oxusaemoe Bpema noucka: O(7 + a); 

e Oxufaemoe Bpema yAaneHua: O(7 + a); 

e Bpema Ha BcTaBky: O(7); 


@ C/IO>KHOCTb NOUCKa, BCTABKY U yAaneHua poBHa O(7), ecnu a = O(7). 


AjononHutenbuHo: https://www.geeksforgeeks.org/separate-chaining-collision-handling- 
technique-in-hashing, https://www.programiz.com/dsa/hash-table, 
https://ig.opengenus.org/time-complexity-of-hash-table 


Peanu3aunua (C# npumep) 


/// <Summary> CnoBapb: xeuw-Tabmuua, pa3speweHve KONNUZUU MeTOAZOM WenoYeK </SI O 
/// <typeparam name="TKey"> Tun kniwY¥a </typeparam> 

/// <typeparam name="TValue"> Tun 3Ha4eHuA </typeparam> 

public class Dictionary<TKey, TValue> : IEnumerable<KeyValuePair<TKey, TVal 


if 
private readonly int _size; 


public double FillFactor => (double)Count / _size; 


public int MaxLengthChain => _items.Max(x => x?.Count ?? @); 


public int MinLengthChain => _items.Min(x => x?.Count ?? @); 


public IEnumerable<int> LengthsChains => _items.Select(x => x?.Count ?? 


public int Count { get; private set; } 


private readonly LinkedList<KeyValuePair<TKey, TValue?>>?[] _items; 


public Dictionary(int size = 100@) 


{ 
if (!IsSizeCorrect(size)) throw new AggregateException(nameof(size) 
_size = size; 
_items = new LinkedList<KeyValuePair<TKey, TValue?>>[size]; 

} 

public void Add(TKey key, TValue value) 

{ 
if (key == null) throw new ArgumentNullException(nameof(key) ) ; 
var item = new KeyValuePair<TKey, TValue?>(key, value); 
Insert (item) ; 

} 


protected void Insert(KeyValuePair<TKey, TValue?> item) 


{ 
var position = GetListPosition(item.Key) ; 
var linkedList = GetLinkedList (position) ; 


foreach (var pair in linkedList) 


{ 
if (pair.Key != null && pair.Key.Equals(item.Key) ) 
throw new ArgumentException("SnemeHT no yKa3aHHomy KjW4y yx 
} 
linkedList.AddLast(item) ; 
Count++; 
} 
protected bool IsSizeCorrect(int size) 
{ 
return size > Q; 
} 


public bool Remove(TKey key) 
{ 
var position = GetListPosition(key) ; 
var linkedList = GetLinkedList (position) ; 
var itemFound = false; 
var foundItem = default(KeyValuePair<TKey, TValue?>); 
foreach (var item in linkedList) 


{ 
if (item.Key != null && item.Key.Equals(key) ) 


itemFound = true; 
foundItem = item; 


} 

} 

if (itemFound) 

{ 
linkedList.Remove(foundItem) ; 
Count--; 

} 


return itemFound; 


public bool ContainsKey(TKey key) 


{ 


if (key == null) throw new ArgumentNullException(nameof (key) ) ; 
var position = GetListPosition(key) ; 
var linkedList = GetLinkedList (position) ; 


var foundItem = false; 
foreach (var item in linkedList) 


{ 
if (item.Key != null && item.Key.Equals(key)) 
1 
foundItem = true; 
break; 
} 
} 


return foundItem; 


public TValue? GetValue(TKey key) 


‘ 


if (key == null) throw new ArgumentNullException(nameof(key)) ; 
var position = GetListPosition(key) ; 

var linkedList = GetLinkedList (position) ; 

foreach (var item in linkedList) 


{ 
if (item.Key != null && item.Key.Equals(key)) return item.Value 


return default; 


public bool TryGetValue(TKey key, out TValue value) 


{ 


var t = GetValue(key); 
value = t; 
return t != null; 


protected int GetListPosition(TKey key) 


{ 

return Math.Abs(key.GetHashCode() % _size); // Metog genexHua 

// MeTogf yMHOoKeHUA 

// var goldenRatioConst = (Math.Sqrt(5) - 1) / 2; 

// return (int) Math.Abs(_size * (key.GetHashCode() * goldenRatioCo 
} 


protected LinkedList<KeyValuePair<TKey, TValue?>> GetLinkedList(int pos 
il 


var linkedList = _items[position]; 
if (linkedList == null) 
{ 


linkedList = new LinkedList<KeyValuePair<TKey, TValue?>>(); 
_items[position] = linkedList; 


} 
return linkedList; 
} 
public void Clear() 
{ 
if (Count > @) 
{ 
for (var i = @; i < _items.Length; i++) 
i 
_items[i] = null; 
} 
} 
} 


public IEnumerator<KeyValuePair<TKey, TValue?>> GetEnumerator() 


{ 


foreach (var linkedList in _items) 


{ 
if (linkedList != null) 
if 
foreach (var keyValuePair in linkedList) 
i 
yield return keyValuePair; 
} 
} 
} 


IEnumerator IEnumerable.GetEnumerator() 


4 


return GetEnumerator(); 


Bunert 12: X3w-Ta6uubl C paspeweHnem KOIN3UN 
MeTOAOM OTKPbITON aspecaunn 


OnucaHue 


Mof~o6Ho MeTogy WenoueK, OTKPbiITaA a“pecalua ABNAeETCA METOAOM OOpaboTKu 
KOU3ZUN. B OTKPbITON agpecaluu BCe 3NEMEHTbI XPAHATCA B CAMOU XeL-TABNULIE. 
Takum 06pa30M, B 1O60/ MOMEHT pa3mMep TaBAMLbI GOMKEH SbITb GOMbWIE WIM PaBeH 
o6uemy KosuuectBy KOYeN (O6paTuTe BHUMaHue, YTO MbI MO>KEM YBEAUUNTb pasmMep 
Ta6NULbI, CKONNPOBaB CTapble AaHHble, ECM 3TO HEO6XOAMMO). ITOT NOAXOA TakK>Ke 
V3BeECTEH KaK 3aKPbITOe XeLUMPOBaHnue. Bca 3Ta NPOL|EAYPa OCHOBaHa Ha 
UCCAeAOBAaHUAX: JMHENHOR, KBaAPaTUYHOe, ABONHOEe. 


NpevumywectBa nepeg MeTogiom Lenouek: 


e OTKpbiTaA agpecauA NOBbILWAeT CKOPOCTb KILUMPOBaHUA, NOCKOIbKy BCe AaHHble 
XPaHATCA B XelI-TAONULIE. 


e OH NpaBusbHO UCNONb3yeT CBOU NYCTbIE UHACKCbI U NOBbILIAeT IPMPEKTUBHOCTb 
UCnNO/b30BaHNA NaMaAtTu. 


e NockonbKy He UCNO/JIb3YeETCA CBA3ZAHHbIN CNUCOK WIV YKa3aTeJib, 
NPOUZBOAUTeE/BHOCTb BbIWE, HEM NPV LIENOUKEe UJIN OTKPbITOM XCLUMVPOBaHUN. 


Onepayun: 


e jAobaBneHie aeMeHTa — NPOAOMKAeTCA NOUCK, NOKa He 6yfeT HAaNAeH NycToN 
COT, KaK TOJIbKO HaVfeH, BCTaBsAeM k; 


@ NMOUCK 3eMeHTa — NPOAOMKATb NOUCK NOKa KHOU CNOTA HE CTaHeET PaBHbIM k usu 
noka He 6yseT AOCTUrHyT NycTON COT; 


e yganeHue — eCTb HHOaHCbI, ECM MbI NPOCTO yAaUM KHOU, TO MOUCK MO>KeT HE 
NOAYUUTbCA, NOSTOMY CAOTbI yYAANEHHbIX KNHOUeN NOMeUaAHOTCA KaK yAaeHHbIe, 
BO3MO>KHOCTb BCTaBUTb 3/IEMEHT B YAAa/IGHHbIN COT OCTaHeTCA, HO NOUCK Ha MecTe 
yAaNGHHOro COTA OCTAHaBsUBaTbCA He OyseT; 


Npou3BoOAuTebHOCTb OTKPbITON a“pecaunn: MloAO6HO Lienouke, 
NPOUZBOAUTENbHOCTb XCELUNPOBAHMA MO>KHO OLICHMTb, UCXOAA U3 NPeANoMOrKeHUA, YTO 
Ka>KAbIN KHOU C OAVHAKOBON BeEpOATHOCTbIO 6yfeT XSLIMPOBAH B NtO6O0N COT TAOAULI 
(npoctoe paBHOmMepHoe XeLUNPOBaHne). 


@ M- KOAUYECTBO C/IOTOB B xXelU-Tabsuue; 


e Nn - KOMUUECTBO BCTAaBJIGHHbIX 3HAYEHU B xew-TabnUuy; 


Koas@guunert 3arpy3ku: a = n/m (K< 1); 


CnO>KHOCTb NOUCKa, BCTABKU Vi yfaneHUA pOBHa O(7 /(7 + a). 


technique-in-hashing, https://www.programiz.com/dsa/hash-table, 
https://ig.opengenus.org/time-complexity-of-hash-table 


Peanu3zauua (C# npumep) 


/// <summary> Xew-Ta6suya, pa3peweHve KONNN3ZUH MeTOZOM OTKPbITON affpecauun <, (D 
/// <typeparam name="TKey"> Tun Kniw4a </typeparam> 

/// <typeparam name="TValue"> Tun 3Ha4eHuA </typeparam> 

public class Hashtable<TKey, TValue> : IEnumerable<KeyValuePair<TKey, TValu 

if 


private readonly int _size; 
private readonly KeyValuePair<TKey, TValue?>[] _items; 
private readonly bool[] _removed; 


private static readonly Func<Func<object, int, int>, object, int, int, 
(f, key, sizeHashTable, index) => (f(key, sizeHashTable) + index) % 


private static readonly Func<Func<object, int, int>, object, int, int, 
(f, key, sizeHashTable, index) => (f(key, sizeHashTable) + (int)Mat 


private static readonly Func<Func<object, int, int>, Func<object, int, 
(f1, £2, key, sizeHashTable, index) => (f1(key, sizeHashTable) + in 


public int Count { get; private set; } 


public int MaxClusterLength 
1 
get 
{ 
var max = Q; 
var current = @; 
foreach (var item in _items) 
{ 
if (!item.Equals(default(KeyValuePair<TKey, TValue?>)) ) 
{ 
current++; 
} 
else 


{ 


max = Math.Max(max, current); 


current = @; 


} 
} 
return Math.Max(max, current) ; 
} 
} 
public Hashtable(int size = 1000) 
{ 
if (!IsSizeCorrect(size)) throw new AggregateException(nameof (size) 
_size = size; 
_items = new KeyValuePair<TKey, TValue?>[size]; 
_removed = new bool[_size]; 
} 
protected bool CheckOpenSpace() 
{ 
var isOpen = false; 
for (var i = @; i < _size; i++) 
{ 
if (_items[i].Equals(default(KeyValuePair<TKey, TValue?>))) isO 
} 
return isOpen; 
} 
protected bool IsSizeCorrect(int size) 
{ 
return size > Q@; 
} 
protected bool CheckUniqueKey(TKey key) 
{ 
foreach (var item in _items) 
{ 
if (item.Key != null && item.Key.Equals(key)) return false; 
} 
return true; 
} 


public void Add(TKey key, TValue value) 
{ 
if (key == null) throw new ArgumentNullException(nameof(key)) ; 
if (!CheckOpenSpace()) throw new ArgumentOutOfRangeException("Xew-T 


if (!CheckUniqueKey(key)) throw new ArgumentException("SnemeHT no y 


Insert(key, value); 


protected void Insert(TKey key, TValue value) 


t 


var index = Q; 
var hashCode = GetHash(key, index); 


while (!_items[hashCode] .Equals(default(KeyValuePair<TKey, TValue>) 
{ 

index++; 

hashCode = GetHash(key, index); 


_items[hashCode] = new KeyValuePair<TKey, TValue?>(key, value); 
_removed[hashCode] = false; 
Count++; 


protected int GetHash(TKey key, int index) 


t 


// JwHewHbIA aHanu3, BCNOMOraTeNbHaA OYHKUNA — MeTOg geneHua. 
return LinearHashing((key, sizeHashTable) => Math.Abs(key.GetHashCo 


public TValue? GetValue(TKey key) 


i 


if (key == null) throw new ArgumentNullException(nameof(key)) ; 


var index = Q; 
var hashCode = GetHash(key, index); 


while ((!_items[hashCode].Equals(default(KeyValuePair<TKey, TValue> 
{ 


index++; 
hashCode = GetHash(key, index); 


return _items[hashCode].Value; 


public bool Remove(TKey key) 


{ 


var index = Q; 
var hashCode = GetHash(key, index); 


while ((!_items[hashCode].Equals(default(KeyValuePair<TKey, TValue> 
{ 

index++; 

hashCode = GetHash(key, index); 


if (_items[hashCode].Equals(default (KeyValuePair<TKey, TValue>))) 


{ 
return false; 
} 
else 
{ 
_items[hashCode] = default; 
_removed[hashCode] = true; 
Count--; 
return true; 
} 
} 
public IEnumerator<KeyValuePair<TKey, TValue?>> GetEnumerator() 
{ 
foreach (var keyValuePair in _items) 
{ 
if (!keyValuePair.Equals(default(KeyValuePair<TKey, TValue?>))) 
{ 
yield return keyValuePair; 
} 
} 
} 
IEnumerator IEnumerable.GetEnumerator() 
{ 
return GetEnumerator(); 
} 


Bunet 13: ABC coptuposka ayia cTpok (Allen Beechick 
Character Sort for string) 


OnucaHue 


Jlexcorpaguyeckaa Bapvalwa Nopa3zspagHoun MSD (no Haubonbwen 3HaYaLen LINdpe) 
coptTuposku. Astop Annex Buunk Bbi6pan Ha3BaHie B YecTb ce6aA NHtO6umoro, ABCsort 
pacluudpospisaetca Kak Allen Beechick Character sort. Cam no ce6e buuuk 
npumeyateseH TeM, YTO OH HE TOMbKO NpPOrpaMMMUCT, a CLUE UV LebIN MarucTp 
6orocnoBua. 


ANA COpTUpOBKU TpebyeTca ABa BCNOMOraTe/bHbIX MaCcuBa. 


OAYH v3 HUX Ha30BEM Tpekep cioB (WT — word tracker), Cc NOMOLbIO Hero MbI 6byfzem 
rTpyNnUpoBaTb CNOBa, UMeFOLUMX OANHaKOBbIe OyKBbI B i-M pa3page. Aa camoro 
nepBoro HavfeHHOrO TakKOro C/OBa B CNUCKe 3aHOCUTCA 3HaYeHMe 0. AA KaxKAorO 


nocneAyrouero HaWAeHHOrO CNOBa C TOU >Ke 6yKBONU B i-M pa3zpAge B TpeKepe C10B 


OTMeUaeTCA UHACKC NpeAbIAYLUeErO COBa, COOTBETCTBYIOLLIETO STOMY Ke NPU3ZHAKY. 
VHAeKC 1 2 3 4 5 6 ie 8 9 
cnopo | Carmen Adela Beatrix Abbey Abigale Barbara Camalia Belinda Beckie 
Tpekep 0 0 0 2 4 3 1 6 8 


Eué OAVH MaccuB — TpeKep cumBosos (LT — letter tracker). B Hem OTMeUalOTCA VHACKCbI 
camoro nepsBoro (ws NOcNeAHeErO) COBa B CNUCKe, B KOTOPOM B COOTBETCTBYIOLUEM 
pa3page HaxXOANTCA ONpesAeNEHHbIN CUMBOJ. OTTANKUBAACb OT 3TOFO COBa, C MOMOLLUbIO 
TpeKepa C/IOB BOCCTaHaB/IMBaeTCA LIEMOUKA BCEX OCTAJIbHbIX JIEKCEM, VMErHOLUMX B I-M 
pa3pAge COOTBETCTBYIOLLYIO 6yKBy. 


Co3gaBaa VU Npocnex«KUBaA NOAOGSHbIe LIENOUKU COB, PEKYPCUBHO NpOABuraAcb OT 
CTapluUx pa3zpAagOB K Mau, B VTOre BeCbMa 6bICTPO PopmupytoTca HOBIE 
NOCNeAOBaTeJbHOCTU, YNOPAAZOYEHHbIe B aPaBUTHOM Nopagke. OTCOPTUPOBaB C/OBa 
Ha «A», 3aTeM COpTUpyertca «B», 3aTeM «C» u Aanee NO andasuty. 
Tpekep cnos - Word Tracker - WT 
1 2 3 4 2 6 7 8 9 
Carmen Adela Beatrix Abbey Abigale Barbara Camalia Belinda Beckie 


[pynnupyem cnosa no nepepim 6yKeam 


Tpekep 6yxe - Letter Tracker - LT 
aibicidie(|figihi ti Ji kiliminioipiairisi|tiulviw| xi ¥i|z 


UTOorosbiv cnucoK 
1 2 3 4 5 6 7 8 9 


Cno>KHoctb: O(k * n), rae k — konuuectBo o6pabatTbiBaemMbix pa3spAgoB. 
BcnomoratenbHoe NpoctpaHctTBo: O(n). 


AjononHutenbuo: https://habr.com/ru/post/201534/, 
http://www.aislebyaisle.com/cb/access/sorting/beechicksort.htm, 
http://algolab.valemak.com/radix 


Peanu3zauna (C# npumep) 


Oo 


private static IList<string> ABCSort(this IList<string> collection, int ran 


{ 


if (collection.Count < 2) return collection; 
var table = new System.Collections.Generic.Dictionary<char, IList<strin; 
var listResult = new List<string>(); 


var shortWordsCounter = @; 


foreach (var str in collection) 


i 
if (rank < str.Length) 
{ 
if (table.ContainsKey(str[rank])) 
af 
table[str[rank]].Add(str); 
} 
else 
ib 
table.Add(str[rank], new List<string> {str}); 
} 
} 
else 
il 
listResult.Add(str); 
shortWordsCounter++; 
} 
} 
if (shortWordsCounter == collection.Count) return collection; 
Tpole (ee ah NGG ah ep te2 egies) 
{ 
if (table.ContainsKey(i)) 
{ 
foreach (var str in ABCSort(table[i], rank + 1)) 
iE 
listResult.Add(str) ; 
} 
} 
} 


return listResult; 


Bunet 14: Peanu30BaTb cTeK u 6a30BbIle Onepaunn 


pa6orTbi CO CTEKOM, C UCNOJIBSOBaHUeEM co6cTBeHHOoro 
ABYCBASHOrO ClUNCKa 


OnucaHve 


CTek — 3TO AWHeNHaA CTpyKTypa AaHHbIX, KOTOpaA CneAyeT NPVUHUMNy «nocneAHUM 
npvwen — nepBbim Bbiwen» (LIFO). Sto o3HaYaeT, UTO NOCNEAHUN 3/1eMeHT, 
BCTAaB/ICHHbIN B CTeK, YAasIAeTCA NEPBbIM. 


Onepauyun: 


e Push — onepauna gobaBneHua 3eMeHTa Ha BEPLUUHy CTeKa; 
e Pop — onepauna V3BNeY4eHUA S/IeEMeHTa C BEPLUVHbI CTeKa; 
e IsEmpty — nposepka, nyct 1M CTeK; 


e Peek — nonyuutb 3Ha4eHue BEpxHero 3/1eMeHTA, He yAa/AaA eFo; 
Cno>KHOCTb onepaunn: O(7). 


AjononHutenbuHo: https://www.geeksforgeeks.org/implement-a-stack-using-singly- 
linked-list, https://www.geeksforgeeks.org/c-sharp-stack-with-examples, 
https://www.programiz.com/dsa/stack, https://www.programiz.com/csharp- 
programming/stack 


Peanu3zaunua (C# npumep) 


public class Stack<T> : IReadOnlyCollection<T> 


{ 

private class Node<T> 

if 
public T Value { get; } 
public Node<T> Top { get; init; } 
public Node(T value) 
{ 

Value = value; 

} 

} 


private Node<T>? _top; 
public int Count { get; private set; } 
public void Push(T element) 


{ 


var newNode = new Node<T>(element) 


Top = _top 
}5 
_top = newNode; 
Count++; 
} 
public T Pop() 
t 
if (IsEmpty()) throw new InvalidOperationException("CtTek nycT, Hefb 
var elem = _top.Value; 
_top = _top.Top; 
Count--; 
return elem; 
} 
public T Peek() 
{ 
if (IsEmpty()) throw new InvalidOperationException("CtTek nycT, He/b 
return _top.Value; 
} 
public bool IsEmpty() 
{ 
return _top == null; 
} 
public IEnumerator<T> GetEnumerator() 
{ 
var node = _top; 
while (node != null) 
{ 
yield return node.Value; 
node = node.Top; 
} 
} 
IEnumerator IEnumerable.GetEnumerator() 
{ 
return GetEnumerator(); 
} 


Buset 15: Peanu30BaTb OUepewb 1 6a30Bbie ONepauNn 
pa6oTbi C O“epesbtO, C UCNO/Ib30BaHNeM COO6CTBeHHOrO 
ABYCBA3HOrO CNUCKa 


OnucaHuve 


Ctpyktypa AaHHbIxX, KOTOpaa CegyeT NpaBusy «nepBbIM NocTynuws — NepBbiIM 
o6cny>KeH» (FIFO) — 3neMeHT, KOTOPbIN NOCTyNaeT NEpBbIM, ABJACTCA 3/IEMEHTOM, 
KOTOPbIN BbIXOAUT NepBbIM. 


Onepaunn: 


e Enqueue — onepauna gobaBneHua 3eMeHTa B OYepedb; 
e Dequeue — onepalina u3Be4eHNA S/IEMeHTa U3 OYepe dy; 
e IsEmpty — nposBepka, nycta uM O“epedb; 


e Peek — nonyuntb 3Ha4eHve 13 Hayasa O“epedU, He yAaAA ero; 
Cno>KHOCTb OnepauMn AobaBneHuaA/yganenua: O(7). 


Cno>KHOCTb OnNepaunn u3zBNe4ueHnA/NONyUeHuA: O(N). 


AjononHutenbHo: https://www.geeksforgeeks.org/queue-data-structure, 
https://www.programiz.com/dsa/queue, https://www.programiz.com/csharp- 
programming/queue 

Peanu3auua (C# npumep) 


public class Queue<T> : IReadOnlyCollection<T> 


if 
public class Node<T> 
{ 
public Node(T value) 
{ 
Value = value; 
} 
public T Value { get; set; } 
public Node<T> Next { get; set; } 
} 


private Node<T>? _head; 

private Node<T>? tail; 

public int Count { get; private set; } 
public bool IsEmpty() => Count == Q; 


public void Enqueue(T value) 


var node = new Node<T>(value) ; 
var tempNode = _tail; 

_tail = node; 

if (Count == 0) 


{ 
_head = _tail; 
} 
else 
{ 
tempNode.Next = tail; 
} 
Count++; 
} 
public T Dequeue() 
{ 
if (Count == @) throw new InvalidOperationException(); 
var output = _head.Value; 
_head = _head.Next; 
Count--; 
return output; 
} 
public IEnumerator<T> GetEnumerator() 
{ 
var node = _head; 
while (node != null) 
{ 
yield return node.Value; 
node = node.Next; 
} 
} 
IEnumerator IEnumerable.GetEnumerator() 
it 
return GetEnumerator() ; 
} 


Buset 16: Anroputm Kpyckaa (nNoucKa MUHUMasIbHOrO 
OCTOBHOrO AepeBa) 


OnucaHue 


ANTOPUTM NOUCKa MUHMMasIbHOrO OCTOBHOrO AepeBa, KOTOPbIN HaxOgUT pebpo 


HaVMeHbLUerO BO3MO>KHOrO BeCa, COeAMHATOLU Ee 1H06bIe ABE BEPLUUHbI rpada. ITO 
KaAHbIN aNTOPUTM B TeEOPUNM rpahos, NOCKONbKy OH HaXOAUT MUHUMasbHOe OCTOBHOe 
AepeBo AVIA CBAZSHOrO B3BELUEHHOIO rpada, 4obaBnaA peOpa c BO3pacTatolen 
CTOUMOCTbHO Ha Ka>K4OM Lare. ITO O3HAYAeT, UTO OH HAXOAUT NOAMHO>KECTBO pebep, 
oO6pa3yrouyx AZepeso, BKIOYarO”ee KaXKAYHO BEPLUVMHY, re OBL Bec BCex pebep B 
AepeBe MUHUMaseH. 


Cno>KHOCTb anroputma: Coptuposka pebep 3aHumaet Bpema O(E * log(E)). Nocne 
COPTVPOBKU MbI Nepebupaem Bce pebpa U npumeHAem anroputm Union-Find. 
Onepauun noucka U O6beANHEHUA MOTYT 3aHUMaTb He Oosee O(log(V))* BpemeHnu. 
Takum 06pa30m, O6uyaA CNO>KHOCTb CocTaBsAeT O(E * log(E) + E * log(V)) Bpemeny, rae V 
— KO/IMYECTBO BepluNH, EF — KouyectTBo pébep. 


[puxHuun pabomel anzopumma: 


1. Pe6pa rpada coptupytotca B nopagKe He yObiBaHua. 


2. Bbi6bupaem HaumeHbuee pedpo. Mposepsem, O6pa3yerT 1M OH LINK C y>Ke 
CPOPMUPOBaHHbIM OCTOBHbIM AepeBom. Ecau unk He Popmupyetca, BKNHOUAeM 
3TO pe6po. B NpoTUBHOM cryuae OTKAa3bIBAeMCA OT HETFO. 


3. Noptopaem war 2, nOKa B CBA3yrOLeM AepeBe He OyseT V - 7 pébep. 


Anroputm Union-Find (ucnonb3yeTca B Ware 2): 3TO aNTOPUTM, KOTOPbIN BbINO/HAeT ABE 
none3Hble Onepaunn: Hantu: onpegesutb, B KAKOM NOAMHO>XKECTBE HAaXOAUTCA 
KOHKP€THbIN 3/IEMEHT. ITO MOKHO UCNONb30BaTb AVIA ONPeAeNeHUA TOFO, HAXOAATCA JM 
ABa 3/IEMeHTAa B OJHOM UV TOM Ke NOAMHO>xKeECTBe. O6beEANHEHNe: CObeEANHEHMe ABYX 
NOZMHO>KECTB B OHO NOAMHO>KECTBO. 34,eCb CHaYasa MbI 4OKHbI NPOBEPUTh, 
NpUuHaANex*KatT AV {Ba NOAMHO>KeECTBa OAHOMY VU TOMY Ke MHO>KECTBY. ECM HET, TO MbI 
He MO>KEM BbINO/IHUTb OObEANHEHHE. 


Ugea: NepBoHauasibHo Cco3g4aUTe NOAMHO>KECTBa, COAeP>*Kallyne TOMbKO OAH y3eN, 
KOTOPbIN ABAETCA pOANTeNeM Camoro ceba. Tenepb npu obxoge pebep, ecu ABa 
KOH@UHbIX y31a pe6pa NpUHaANeEx*aT OAHOMY U TOMY Ke MHO>KeCTBY, OHV O6pa3ytOT 
Uvkn. B npOTUBHOM cryuae BbINOMHUTe O6bEANHEHME, UTOObI OObEANHUTb 
NOZMHO>KeCTBa BMECTe. 


Cno>KHOCTb: B XyAluem cnyyae 3aHUMaeT O(n), HO MOxeT ObiITb ynyueHa AO O(log(n)). 


Ontumu3auna 


O6begnHenne no paury: Wigea coctout B TOM, UTO6bI BCerga NPUKpenATb AePeBo 
MeHbLUeN rnyOuHbI NO KOpeHb 6bonee rny6oKoro Aepesa. 


Path Compression: ges OKkaTMA NYT COCTOUT B TOM, YTOO6bI CAeNaTb HaNAeCHHbIN 
KOPe@Hb pogutenem xX, YTOObI HAM HE NPUXOAUNOCb CHOBa NPOXOAMTb BCe 
npome>kyTOUHble y3/ibl. Ec X ABAETCA KOPHEM NOAAepeBa, TO NyTb (K KOPHHO) OT BCex 


Y3/IOB NOA X TaKKE OKUMAETCA. 


Cno>KHOcTb: BpeMeHHaA C/AO>KHOCTb KAKAON ONepalwu CTaHOBUTCA AadxKe MEHbLE 
O(log(n)). 


find-algorithm, https://www.geeksforgeeks.org/union-by-rank-and-path-compression- 
in-union-find-algorithm 


Peanu3zauua (C# npumep) 


Peanu3auuto camoro rpada MOKHO HaiTu 3,eCb. 


/// <summary> Knacc nogmMHoxecTBo ANA anroputma Union-find</summary> (O) 
private class Subset<TVertex, TEdge> where TVertex : IComparable where TEdg 


{ 
public Vertex<TVertex, TEdge> Parent { get; set; } 


public int Rank { get; set; } 


/// <summary> MeTog BbINONHAWWUN NoUucK, CkaTMUA NyTU </summary> 
private static Vertex<TVertex, TEdge> Find<TVertex, TEdge>(IReadOnlyDiction 
{ 
// VUgea: coenaTb HaWfeHHbIN KOpeHb poguTenem 
if (subsets[parent].Parent != parent) 
subsets[parent].Parent = Find(subsets, subsets[parent].Parent) ; 


return subsets[parent].Parent; 


/// <summary> Metog oObeguHeHuaA BepwiMH Ana Union-find </summary> 
private static void Union<TVertex, TEdge>(IReadOnlyDictionary<Vertex<TVerte 


{ 


var xRoot = Find(subsets, vertex1); 
var yRoot = Find(subsets, vertex2); 


// Vgea: nogkpennatb AepeBo MeHbueW rny6uHbl Nox KOopeHb 6onee ray6okoro , 
if (subsets[xRoot].Rank < subsets[yRoot].Rank) 


{ 
subsets[xRoot].Parent = yRoot; 
} 
else if (subsets[xRoot].Rank > subsets[yRoot].Rank) 
{ 
subsets[yRoot].Parent = xRoot; 
} 


else 


subsets[yRoot].Parent = xRoot; 
++Subsets[xRoot].Rank; 


public static (IList<Edge<int, TVertex>>, int) Kruskal<TVertex>(this Graph< 
if 

var verticesCount = graph.Vertices.Count; 

var edges = graph.Edges.ToList(); 

var result = new List<Edge<int, TVertex>>(); 


var edgesCounter = @; 
var verticesCounter = @; 


var minCost Q; 


edges.Sort(); 


var subsets = new System.Collections.Generic.Dictionary<Vertex<TVertex, 


foreach (var vertex in graph.Vertices) // MaccuB MHOxKeCTB, BeplMHbl Camu 


{ 
subsets.Add(vertex, new Subset<TVertex, int>() {Parent = vertex, Ra 
} 
while (verticesCounter < verticesCount - 1) 
{ 
var nextEdge = edges[edgesCounter++ ] ; 
var x = Find(subsets, nextEdge.InitialVertex) ; 
var y = Find(subsets, nextEdge.DestinationVertex) ; 
chp (6¢ Ye) 
if 
result.Add(nextEdge) ; 
minCost += nextEdge.Weight ; 
verticesCounter++; 
Union(subsets, x, y)3 
} 
} 


return (result, minCost); 


Bunet 17: Anroputm Mpuma (noucKa MUHUMasIbHOrO 
OCTOBHOrO AepeBa) 


OnucaHue 
Kak WU aropuTM Kpyckasla, TaKKe AB/IACTCA 9KAAHbIM aJITOPUTMOM. 


WUiaea Coctout B TOM, 4TO6bI NOAAep>»kuUBaTb ABa HabOpa BepwIUH. MlepBbin Habop 
COAEPKUT BEPLUIVHbI, y>Ke BKHOYeHHbIe B MST, Apyrou Habop cofep>KuT ee He 
BKJIKOUCHHbIE BEPLUVHbI. Ha KaKAOM Lare OH paccMaTpuBaeT BCe pebpa, COeANHATOLUNe 
ABa MHO>KECTBa, VU BbIGUpPaeT PEOPO C MUHUMasIbHbIM BeECOM M3 3TUX pebep. Mocne 
BbI60pa peOpa OH NepemelaeT APyrytoO KOHeEYHY!O TOUKY peOpa B Habop, cosep»Kaliun 
MST. 


WUtak, Ha Kakgom Ware anroputma Mpuma Haxogum pa3pe3 (U3 AByX Ha60poB, OAH 
COAEPKUT BEPLUVHbI, yKe BKHOYeHHbIe B MST, a Apyron COAep>KUT OCTa/bHbIe 
BEPLUMHbI), BbIONparoT Pe6PO MUHUMasIbHOrO BECa U3 Pa3zpe3a VM BKHOUAHOT STY 
BepwiuHy B Ha6op MST (Habop, cofep>Kaluinn yKe BKHOUEHHbIe BEPLUVHbI). 


Ajzopumm: 


e Co3gaute Habop mstSet , KOTOPbIN OTCNEKUBaeT BEPLUVHbI, YKE BKJIKOUCHHBIE B 
MST; 

e [pucBoute Knto“ueBoe 3HaYeHMe BCEM BEPLUNHAM BXOAHOLO rpada. 
Unuunanu3zupyute Bce 3HayeHua Ktouen Kak INFINITE. Mpucsoute 3HayeHne 
kiroua Kak O Ayla NeEPBON BeEPWUHbI, YTOObI OHa BbIOUPaNacb NepBon; 

e [loka mstSet He BK/IIOUaeT BCe BEPLUVHbI: 

© Bbi6bepute BepwiNHy U , KOTOPONM HeT B mstSet u KOTOpaA UMeeT MUHUMasIbHOe 
3HaYeHUe KOA; 


o Bkntrouute u B mstSet; 


© O6HOBUTE KIOUeBOe 3HAYEHME BCEX CMEXKHbIX BEPLUIVH U . UTOObI OOHOBUTb 
K/IFOUeBbIE 3HAYEHMA, BbINOMHUTE UTeEpaLivto NO BCeM COCeAHUM BepLuNHamM. 
AA KaKAON COCeAHeN BepLIMHbI Vv , ec Bec peOpa uv MeHblUe, YeM 
npeaAbiayuyee 3HAYeHUe KIOYa V, OOHOBUTe 3HAYEHMe KIIOUa KaK BEC UV; 


Cno>KHoctTb: O(V* 2). 


greedy-algo-5, https://www.programiz.com/dsa/prim-algorithm 


Peanu3auua (C# npumep) 


Peanu3zaunto camoro rpada MO>KHO HaiTu 3eCb. 


public static (IList<Edge<int, TVertex>>, int) Prima<TVertex>(this Graph<Tv O 
{ 


var minCost = Q; 


var 
var 


var 
var 


notVisitedVertices = graph.Vertices.ToList(); 
visitedVertices = new List<Vertex<TVertex, int>>(); 


notVisitedEdges = graph.Edges.ToList(); 
visitedEdges = new List<Edge<int, TVertex>>(); 


if (graph.Vertices.Count > @) 


{ 


// Bbloupaem nepByW BepliNHy 4A npocmoTpa 
var visitedVertex = notVisitedVertices[@]; 
visitedVertices.Add(visitedVertex) ; 
notVisitedVertices.Remove(visitedVertex) ; 


while (notVisitedVertices.Count > @) 


{ 
var indexMinEdge = -1; 
for (var i = @; i < notVisitedEdges.Count; i++) // O6xofum He ni 
t 
if (visitedVertices.IndexOf(notVisitedEdges[i].InitialVerte 
visitedVertices. IndexOf(notVisitedEdges[i].DestinationV 
{ 
if (indexMinEdge != -1) 
{ 
if (notVisitedEdges[i].Weight < notVisitedEdges[ind 
} 
else 
{ 
indexMinEdge = i; 
} 
} 
} 
if (visitedVertices.IndexOf(notVisitedEdges[indexMinEdge].Initi 
{ 
visitedVertices.Add(notVisitedEdges[ indexMinEdge].Destinati 
notVisitedVertices.Remove(notVisitedEdges|[indexMinEdge] .Des: 
} 
else 
qt 
visitedVertices.Add(notVisitedEdges[ indexMinEdge].InitialVe 
notVisitedVertices.Remove(notVisitedEdges[indexMinEdge] .Ini- 
} 
visitedEdges.Add(notVisitedEdges[indexMinEdge]); 
minCost += notVisitedEdges[indexMinEdge].Weight; 
notVisitedEdges .RemoveAt (indexMinEdge) ; 
} 


return (visitedEdges, minCost) ; 


Bunet 18: 06x04 rpada B rny6uny (Depth-First Search, 
DFS) 


OnucaHue 


OUH U3 OCHOBHbIX METOAOB O6xOAa rpada, YaCTO UCcnONb3yeTCA ANA NPOBeEPKU 
CBA3HOCTU, NOUCKa LVKsla VW T.4. O6ujaA UAeA COCTOUT B TOM, TO AIA KaKAON He 
NPONZeHHOU BeEpLUNHbI HEOOXOAMMO HauTN BCe HE NPOUAEHHbIE CMEXKHbIE BEPLUVHbI Vl 
NOBTOPUTb NOMCK AVIA HX. 


Peanu3zauna: Ucnosb3yem cTek. HaunHaem C TOrO, YTO NOMeLLAeM CTaPTOBytO BEPLIUHY 
rpada Ha Bepwiuny cTeka. Ajanee 6epEmM BEPXHUN 3NEMEHT CTeKa VU OTMeYaeM EFO KaK 
NOCeLWEHHbIN. Bce CM@xKHbIe BEPLUVHbI, KOTOPbIX HE OTMEYeHbI KaK MOCeLLEHHbIE 
nOMeujaeM B Bepx cTeKa. MpofosKaeM NOBTOPATb TU ACUCTBUA AO Tex NOP NOKa cTeK 
He CTaHeT NYCTbIM. 


Cno>kHoctTb: O(V + £), rae V— o6uyee KonMYecTBO BepwuiMH, E — o6u4ee KONNYeCTBO 
pé6ep. 


AjononHutenbHo: https://www.geeksforgeeks.org/depth-first-search-or-dfs-for-a-graph, 
https://www.programiz.com/dsa/graph-dfs 


Peanu3auua (C# npumep) 


Peanu3zauuto CamMoro rpada MO>KHO HanTn 3f1eCb. 


public static IEnumerable<Vertex<TVertex, TEdge>> Dfs<TVertex, TEdge>(this ' (O 
{ 


var stack = new Stack<Vertex<TVertex, TEdge>>(); 
var visitedVertices = new List<Vertex<TVertex, TEdge>>(); 
var visitedEdges = new List<Edge<TEdge, TVertex>>(); 


stack.Push(startVertex) ; 


while (stack.Count > @) 
{ 


var currentVertex = stack.Pop(); 
if (visitedVertices.Contains(currentVertex)) continue; 
visitedVertices.Add(currentVertex) ; 


yield return currentVertex; 


foreach (var edge in currentVertex.EdgesList) 


{ 
if (!visitedEdges.Contains (edge) ) 
ib 
visitedEdges.Add(edge) ; 
var el = edge.InitialVertex == currentVertex ? edge.Destina 
if (el != null) 
1 
stack.Push(el); 
} 
} 
} 


Bunet 19: O6xog rpada B Wwupuny (Breadth-first search, 
BFS) 


OnucaHuve 


CyTb AOcTaTOYHO Npocta. O6xo4 HauMHaeTCA C NOCeLUEHUA ONPeAeNEHHON BEPLUVHbI 
(ana O6xOA~a Bcero rpada uacTo BbIGupaeTCA NPOUZBO/bHaA BEPLUVHa). 3aTeM aNrOpUTM 
NOceluaeT COCes#eu TON BEPLUVHbI. 3a HMM - COCegseu cocesen, V Tak Aanee. 


Peanuzauna: Vicnosb3yetca ouepeab. B Hee 6yAyT 3akNaAbIBAaTbCA BEPLUVHbI Noce 
TOrO, KaK 40 Hux byfAeT ONPeAeNeHO KpaTUaNlWee PaccTOAHuUe. TO eCTb OYepeAb SyAeT 
COAeP>KaTb BEPLUMHbI, KOTOPbIe ObIIU «<OOHAapy>KeHbI» aNITOPUTMOM, HO He 6b 
PaCcCMOTPeHbI UCXOAALINe pebpa u3 3STUX BEPLUINH. V3 OUepegAN NOcMeAOBAaTeMbHO 
V3ZB/EKAIOTCA BEPLUUHbI, PACCMATPUBAHOTCA BCE UCXOAALLINe U3 HUX peOpa. Ecnu pe6po 
BeAeT B He OOHapy>KeHHYyt0 AO 3TOFO BEPLUNHY, TO ECTb paccTOAHNe AO HOBONU BepLUMHbI 
He ONPeAeNeEHO, TO OHO YCTaHaB/IMBaeTCA PaBHbIM Ha eAVHULIy GosbWe, YeEM 
paccTOAHue A0 O6pabaTbIBaeMON BeEpLUVHbI, a HOBAaA BEPLUVHa AOOaBsAeTCA B KOHEL 
ouepean. 


Takum 06pa30M, ec “3 OYepeAN U3B/eU4eHAa BEPLUNHA C PpaccTOAHNeM C, TO B KOHEL 

ouepegu 6yAyT AObaBeHbI BEPLIMHbI C paccTOAHMeM d + 7, TO ECTb B NHOOOM MOMEHT 

UCNONHEHUA aNTOPUTMa OYepesAb COCTOUT U3 BEPLUWH, YAa/IGHHbIX Ha paccTOAHue , 3a 
KOTOPbIMU CeAyrOT BEPLUUHbI, YAaIeHHbIe Ha paccToAHue d + 7. 


Cno>KHoctTb: O(V + £), rae V— o6uyee KonMYeCTBO BepuiNH, E — o6uyee KONNYeCTBO 
pé6ep. 


AjononHutenbuHo: https://www.geeksforgeeks.org/breadth-first-search-or-bfs-for-a- 


graph, https://www.programiz.com/dsa/graph-bfs 


Peanu3auua (C# npumep) 


Peanu3auuto Camoro rpada MO>KHO HauTn 3feCb. 


public static IEnumerable<Vertex<TVertex, TEdge>> Bfs<TVertex, TEdge>(this ' O 
{ 


var queue = new Queue<Vertex<TVertex, TEdge>>(); 
var visitedVertices = new List<Vertex<TVertex, TEdge>>(); 
var visitedEdges = new List<Edge<TEdge, TVertex>>(); 


queue. Enqueue(startVertex) ; 


while (queue.Count > @) 


i 


var currentVertex = queue.Dequeue(); 
if (visitedVertices.Contains(currentVertex)) continue; 
visitedVertices.Add(currentVertex) ; 


yield return currentVertex; 


foreach (var edge in currentVertex.EdgesList) 


{ 
if (!visitedEdges.Contains (edge) ) 


if 
visitedEdges.Add(edge) ; 


var el = edge.InitialVertex == currentVertex ? edge.Destina’ 
if (el != null) 
{ 


queue.Enqueue(el); 


Bunet 20: Anroputm Aenkctpbi (nouck KpaTuanwero 
nytn) (Dijkstra's algorithm) 


OnucaHuve 


ANTOpUTM, KOTOPbIN HaxOAVT KPOTYaULUU NyTb OT OAHOU BePpLUVHbI rpada AO Apyron. 
Tpadbi Ucnonb3ytOT AVIA MOAeMPOBAaHUA Pea/IbHbIX OObEKTOB, a ATOPUTMbI NOUCKa 
nyT’ — npy ux u3yueHuy, a TakKKe peLUeHUM NpakTuYecKux 3agay. Anroputm Alenkctpbl 


pa6botaetT AA rpados, y KOTOPbIX HET pebep C OTPULaTe/IbHbIM BECOM, T.e. TAKUX, MPU 
NpoxoKAeHUN Yepe3 KOTOPbIe AMHa NYTU Kak Obl yMeHblWaeTCaA. B oTAMUNe OT 
NOXO>KUX aNFOPUTMOB, aNrOPUTM AeVKCTpbI ULWET ONTUMa/bHbIN MapLUpyT OT OAHOU 
3a4aHHON BEPLUUHbI KO BCEM OCTaJIbHbIM. MONYTHO OH BbICUUTbIBaeT ANMHY NyTU — 
CYMMapHbIN Bec pebep, NO KOTOPbIM NPOXOAVT Npu 3TOM MapUupyTe. 


Peanuzauna: Ha Ka>K4OM Ware aroputMa OH PacKpbIBaeT KaKyHO-TO BEPLUUHY B rpade. 
V3HauabHaa Li@Ha NYTV B HaYa/IbHOM BepLuNHe HOsIb. Ha KaKAZOM Ware packpbIBaeM 
BepLUUHYy Y KOTOPOU OL|EHKa MUHUMaJibHa. Korfa MbI pacKpbIBaeM BeEPLUUHY, MbI 
nNpocmaTpuBaem BCe CME>XKHbIe C HEU VU AVIA Ka>XKAOU U3 HUX CTPOUM CBOHO OLIEHKy, 
npu6aBseHvem Beca peOpa K OLIEHKE PacKPbIBAeMON BEPLIUMHbI. Alanee CMOTPUM Kakyto 
BePLUUHY pacKpbIBaTb AablUe, TYT NPOABAETCA KAAHOCTb anroputTma. PackpbiBaa 
BbI6paHHytO BEPLUUHy, MbI MPOCMaTPUBaeM BCe VHLIVAeCHTHbIe eC UV OOHOB/IAEM OLEHKY 
Ayla HX. Tak NpososKaeM Aanbuwe. Korga MbI packpbIBaeM BePLUUHYy VU OKa3bIBaeTCA, 
UTO OHA KOHEUHAA A/ITOPUTM OCTaHaBsIMBaeTCA. Kak COOCTBEHHO HaUTU ONTUMasIbHbIN 
nytb? KaxkAbIN paz OOHOBAA OLIEHKY MbI 6y4eM 3aANOMUHAaTb V3 KAKOU BEPLUIUHbI 3TO 
O6HOB/eHNUe NOcTynNuNo. 


Cno>kHoctTb: O(V“%2), rae V— KosuuecTBo BepLuUH rpada. 


AjononHutenbuHo: https://www.geeksforgeeks.org/dijkstras-shortest-path-algorithm- 
greedy-algo-7, https://www.programiz.com/dsa/dijkstra-algorithm 
Peanu3zauua (C# npumep) 


Peanuzauuto Camoro rpada MO>KHO HauTn 3f1eCb. 


private class DijkstraData<TVertex, TEdge> where TVertex : IComparable wher O 


i 
public int Price { get; init; } 


public Vertex<TVertex, TEdge>? Previous { get; init; } 


public static IEnumerable<Vertex<TVertex, int>> Dijkstra<TVertex>(this Grap 


{ 


var noVisitedVertices = graph.Vertices.ToList(); 

var track = new System.Collections.Generic.Dictionary<Vertex<TVertex, i 
track[start] = new DijkstraData<TVertex, int> {Previous = null, Price = 
while (true) 

it 


Vertex<TVertex, int>? toOpen = null; 
var bestPrice = int.MaxValue; 


foreach (var vertexElement in noVisitedVertices) 


{ 
if (track.ContainsKey(vertexElement) && track[vertexElement].Pr 
{ 
toOpen = vertexElement; 
bestPrice = track[vertexElement].Price; 
} 
} 
if (toOpen != null && toOpen.Equals(end)) 
{ 
break; 
} 
if (toOpen != null) 
il 
foreach (var edge in toOpen.EdgesList) 
{ 
var currentPrice = track[toOpen].Price + edge.Weight; 
var nextVertex = edge.InitialVertex.Equals(toOpen) ? edge.D 
if (!track.ContainsKey(nextVertex) || track[nextVertex].Pri 
aL 
track[nextVertex] = new DijkstraData<TVertex, int> {Pri 
} 
} 
noVisitedVertices.Remove(toOpen) ; 
} 


var result = new List<Vertex<TVertex, int>>(); 


var tmp = end; 
while (tmp != null) 
{ 
result .Add(tmp) ; 
tmp = track[tmp].Previous; 


result.Reverse(); 


return result; 
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